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FIELD OF INVKMTThm 
This invention relates to high molecular „eio h t 
proterns of non-typeable Haemophilus . 
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present Haejnoehilus influenzae type b (Hib) vaccines, 
which are directed towards Hib bacterial capsular 
polysaccharides. The non-typeable strains, however, do 
produce surface antigens that can elicit bactericidal 
antibodies. Two of the major outer membrane proteins, P2 
and P6, have been identified as targets of human serum 
bactericidal activity. However, it has been shown that 
the P2 protein sequence is variable, in particular in the 
non-typeable Haej^philus strains. Thus, a P2-based 
vaccine would not protect against all strains of the 
organism. 

There have previously been identified by Barenkamp 
et al (Pediatry Infect, Pis. J., 9:333-339, 1990) a group 
of high-molecular-weight (HMW) proteins of non-typeable 
Haemophilus ijifluenzae that appeared to be major targets 
of antibodies present in human convalescent sera. 
Examination of a series of middle ear isolates revealed 
the presence of one or two such proteins in most strains. 
However, prior to the present invention, the structures 
of these proteins and their encoding nucleic acid 
sequences were unknown as were pure isolates of such 
proteins. In addition, the identification of surface 
accessible epitopes of such proteins was unknown. 

STTMMARY < "> F TNVENTION 

The inventor, in an effort to further characterize 
the high molecular weight (HMW) non-typeable Haemo philus 
proteins, has cloned, expressed and sequenced the genes 
coding for two immunodominant HMW proteins (designated 
HMW1 and HMW2) from a prototype non-typeable Haemophilus 
strain and has cloned, expressed and sequenced the genes 
coding for two additional immunodominant HMW proteins 
(designated HMW3 and HMW4) from another non-typeable 

Haemo philus strain. 

In accordance with one aspect of the present 
invention, therefore, there is provided an isolated and 



purified nucleic acid molecule coding for a high 
molecular weight protein of a non-typeable Haemophilus 
strain, particularly a nucleic acid molecule coding for 
protein HMWl, HMW2 , HMW3 or HMW4 , as well as any variant 
or fragment of such protein which retains the 
immunological ability to protect against disease caused 
by a non-typeable Haemophilus strain. 

The nucleic acid molecule may have a DNA sequence 
shown in Figure l (SEQ ID No: 1) and encoding HMWl for 
strain 12 having the derived amino acid sequence of 
Figure 2 (SEQ ID No: 2). The nucleic acid molecule may 
have the DNA sequence shown in Figure 3 (SEQ ID No: 3) 
and encoding protein HMW2 for strain 12 having the 
derived amino acid sequence of Figure *4 (SEQ ID No: 4) . 
The nucleic acid molecule may have the DNA sequence shown 
in Figure 8 (SEQ ID No: 7) and encoding HMW3 for strain 
5 having the derived amino acid sequence of Figure 10 
(SEQ ID No: 9) . The nucleic acid molecule may have a DNA 
sequence shown in Figure 9 (SEQ ID No: 8) and encoding 
protein HMW4 for strain 5 having the derived amino acid 
sequence of Figure 10 (SEQ ID No: 10) • 

In another aspect of the invention, there is 
provided an isolated and purified nucleic acid molecule 
encoding a high molecular weight protein of a non- 
typeable Haemophilus strain, which is selected- from the 
group consisting of: 

(a) a DNA sequence as shown in any one of Figures 
1, 3, 8 and 9 (SEQ ID Nos: 1, 3, 7 and 8) ; 

(b) a DNA sequence encoding an amino acid sequence 
as shown in any one of Figures 2, 4 and 10 (SEQ ID 
Nos: 2, 4, 9 and 10); and 

(c) a DNA sequence which hybridizes under stringent 
conditions to any one of the sequences of (a) and 
(b). 



A DNA sequence according to (c) may be one having at 
least about 90% identity of sequence to the DNA sequences 
(a) or (b) . 

The inventor has further found correct processing of 
the HMW protein requires the presence of additional 
downstream nucleic acid sequences. Accordingly, a 
further aspect of the present invention provides an 
isolated and purified gene cluster comprising a first 
nucleotide sequence encoding a high molecular weight 
protein of a non-typeable Haemophilus strain and at least 
one downstream nucleotide sequence for effecting 
expression of a gene product of the first nucleotide 
sequence fully encoded by the structural gene. 

The gene cluster may comprise a DNA sequence 
encoding high molecular weight protein HMWl or HMW2 and 
two downstream accessory genes. The gene cluster may 
have the DNA sequence shown in Figure 6 (SEQ ID No: 5) or 
Figure 7 (SEQ ID No. 6) . 

In an additional aspect, the present invention 
includes a vector adapted for transformation of a host, 
comprising a nucleic acid molecule as provided herein, 
particularly the gene cluster provided herein. The 
vector may be an expression vector or a plasmid adapted 
for expression of the encoded high molecular weight 
protein, fragments or analogs thereof, in a heterologous 
or homologous host and comprising expression means 
operatively coupled to the nucleic acid molecule. The 
expression means may include a nucleic acid portion 
encoding a leader sequence for secretion from the host of 
the high molecular weight protein. The expression means 
may include a nucleic acid portion encoding a lipidation 
signal for expression from the host of a lipidated form 
of the high molecular weight protein. The host may be 

selected from, for example, E. coli, Bacillus, 

Haemophilus , fungi, yeast, baculovirus and Semliki Forest 
Virus expression systems. The invention further includes 



a recombinant high molecular weight protein of non- 
tyP eable H^phii^ or fragment or analog thereof 
producible by the transformed host. 

in another aspect, the invention provides an 
isolated and purified high molecular weight protein of 
non -typeable Ha^mo £ hiJ i us influenzae which is encoded by 
a nucleic acid molecule as provided herein. Such hxgh 
m olecular weight proteins may be produced recombxnantly 
to be devoid of non-high molecular weight protexns of 
non-typeable Ha^hJ.lus influenzae or from natural 
sources. 

Such protein may be characterized by at least one 
surface-exposed B-cell epitope which is recognized by 

TO onoclonal antibody AD6 (ATCC ) . Such protein may 

be HMW1 encoded by the DNA sequence shown in Fxgure 1 
(SEQ ID No: 1) and having the derived amino acid sequence 
of Figure 2 ( SEQ ID No: 2) and having an apparent 
molecular weight of 125 kDa. Such protein may be HMW2 
encoded by the DNA sequence shown in Figure 3 (SEQ ID No: 
3) and having the derived amino acid sequence of Fxgure 
4 (SEQ ID No: 4) and having an apparent molecular wexght 
of 120 KDA. Such protein may be HMW3 encoded by the DNA 
sequence shown in Figure 8 (SEQ ID No: 7) and having the 
derived amino acid sequence of Figure 10 (SEQ ID No: 9) 
and having an apparent molecular weight of 125 KDa. Such 
protein may be HMW4 encoded by the DNA sequence shown xn 
Figure 9 (SEQ ID No: 8) and having the derived amino acxd 
sequence shown in Figure 10 (SEQ ID No: 10) and having 
the apparent molecular weight of 123kDa. 

A further aspect of the invention provides an 
isolated and purified high molecular weight protein of 

non-typeable Haemophilus, influenzae which xs 

antigenically related to the filamentous hemagglutinin 
surface protein of Bordetella i>ertussis, particularly 
HMW1, HMW2, HMW3 or HMW4. 
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The novel high molecular weight proteins of non- 
typeable Haemophilus may be used as carrier molecules by 
linking to an antigen, hapten or polysaccharide fo^ 
eliciting an immune response to the antigen, hapten or 
5 polysaccharide. An example of such polysaccharide is a 

protective polysaccharide against Haemophilus influenzae 
type b. 

In a further aspect of the invention, there is 
provided a synthetic peptide having an amino acid 

10 sequence containing at least six amino acids and no more 

than 150 amino acids and corresponding to at least one 
protective epitope of a high molecular weight protein of 
non-typeable Haemophilus influenzae , specifically HMW1, 
HMW2, HMW3 or HMW4 • The epitope may be one recognized by 

15 at least one of the monoclonal antibodies AD 6 (ATCC ) 

and 10C5 (ATCC ) . Specifically, the epitope may be 

located within 75 amino acids of the carboxy terminus of 
the HMW1 or HMW2 protein and recognized by the monoclonal 
antibody AD6 . 

20 T he present invention also provides an immunogenic 

composition comprising an immunoef f ective amount of an 
active component, which may be the novel high molecular 
weight protein or synthetic peptide provided herein, 
which may be formulated along with a pharmaceutical^ 

25 acceptable carrier therefor. The immunogenic composition 
may be formulated as a vaccine for in vivo administration 
to a host. 

The immunogenic composition may be formulated as a 
microparticle, capsule, ISCOM or liposome preparation. 

3 0 The immunogenic composition may be used in combination 
with a targeting molecule for delivery to specific cells 
of the immune system or to mucosal surfaces. Some 
targeting molecules include vitamin B12 and fragments of 
bacterial toxins , as described in WO 92/17167 (Biotech 

35 Australia Pty. Ltd.), and monoclonal antibodies, as 
described in U.S. Patent No. 5,194,254 (Barber et al) . 



of the invention (including 
The isogenic compositions of the 1 

vaccines) .ay further comprise at least 
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~+- limited to) aluminum phosphate, 
include (but are not limited 
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in a further aspect of the invention, there i 
provided a method of generating an immune response in a 
Tost comprising administering thereto 
effective amount of the immunogenic composition as 
divided herein. The immune response may be a humora or 

. ceil-mediated ^J*^ Jarred, include 
protection against disease may 
nrimates including humans. 

The present invention additionally provides a method 

of producing antibodies specific for a high molecular 

height protein of non-typeable 

°° mP Tr-ministerin 9 the high molecular weight protein 
or epitope containing peptide provided herein to at least 
one mouse to produce at least one immunized mouse; 
. <b> removing B-lymphooytes from the at least one 

immunized mouse; 



(c) fusing the B-lymphocytes fro, the at least one 
immunized mouse with myeloma cells, thereby producing 

hybridomas; 

(d) cloning the hybridomas; 

(e) selecting clones which produce anti-high 
molecular weight protein antibody; 

(f) culturing the anti-high molecular weight 
protein antibody-producing clones; and then 

(g) isolating anti-high molecular weight protein 
antibodies from the cultures. 

Additional aspects of the present invention xnclude 
monoclonal antibody AD 6 and monoclonal antibody 10C5. 

The present invention provides, in an additional 
aspect thereof, a method for producing an immunogenic 
composition, comprising administering the immunogenic 
composition provided herein to a first test host to 
determine an amount and a frequency of administration 
thereof to elicit a selected immune response against a 
high molecular weight protein of non-typeable Hemophilus 
influenzae; and formulating the immunogenic composition 
TnTr^Tsuitable for administration to a second host in 
accordance with the determined amount and frequency of 
administration. The second host may be a human. 

The novel envelope protein provided herein is useful 
in diagnostic procedures and kits for detecting 
antibodies to high molecular weight proteins of non- 
typeable m^^m^-ll^^' Further monoclonal 
antibodies specific for the high molecular protein or 
epitopes thereof are useful in diagnostic procedure and 
kits for detecting the presence of the high molecular 

weight protein. 

Accordingly, a further aspect of the invention 
provides a method of determining the presence m a 
sample, of antibodies specifically reactive with a high 
molecular weight protein of ^emo ^hilus influen zae 
comprising the steps of: 



(a) contacting the sample with the high molecular 
weight protein or epitope-containing peptide as 
provided herein to produce complexes comprising the 
protein and any said antibodies present in the 
sample specifically reactive therewith; and 

(b) determining production of the complexes. 

In a further aspect of the invention, there is 
provided a method of determining the presence, in a 
sample, of a high molecular weight protein of Haemophilus 
influenzae or an epitope-containing peptide, comprising 
the steps of : 

(a) immunizing a host with the protein or peptide 
as provided herein, to produce antibodies specific 
for the protein or peptide; 

(b) contacting the sample with the antibodies to 
produce complexes comprising any high molecular 
weight protein or epitope-containing peptide present 
in the sample and said specific antibodies; and 

(c) determining production of the complexes, 

A further aspect of the invention provides a 
diagnostic kit for determining the presence of antibodies 
in a sample specifically reactive with a high molecular 
weight protein of non-typeable Haemophilus influenzae or 
epitope-containing peptide, comprising: 

(a) the high molecular weight protein or epitope- 
containing peptide as provided herein; 

(b) means for contacting the protein or peptide 
with the sample to produce complexes comprising the 
protein or peptide and any said antibodies present 
in the sample; and 

(c) means for determining production of the 
complexes . 

The invention also provides a diagnostic kit for 
detecting the presence, in a sample, of a high molecular 
weight protein of Haemophilus influenzae or epitope- 
containing peptide, comprising: 
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(a) an antibody specific for the novel envelope 
protein as provided herein; 

(b) means for contacting the antibody with the 
sample to produce a complex comprising the protein 
or peptide and protein-specific antibody; and 

(c) means for determining production of the 
complex. 

In this application, the term "high molecular weight 
protein" is used to define a family of high molecular 
weight proteins of Haemophilus influenzae, generally 
having an apparent molecular weight of from about 120 to 
about 13 0 kDa and includes proteins having variations in 
their amino acid sequences- In this application, a first 
protein or peptide is a "functional analog" of a second 
protein or peptide if the first protein or peptide is 
immunologically related to and/or has the same function 
as the second protein or peptide. The functional analog 
may be, for example, a fragment of the protein or a 
substitution, addition or deletion mutant thereof. The 
invention also extends to such functional analogs. 
Advantages of the present invention include: 
an isolated and purified envelope high molecular 
weight protein of Haemophilus influenzae produced 
recombinantly to be devoid of non-high molecular weight 
proteins of Haemophilus influenzae or from natural 
sources as well as nucleic acid molecules encoding the 
same; 

high molecular weight protein specific human 
monoclonal antibodies which recognize conserved epitopes 
in such protein; and 

diagnostic kits and immunological reagents for 
specific identification of hosts infected by Haemophilus 
influenzae . 



BRIEF DESCRIPTION OF DRAWINGS 
Figures 1A to 1G contain the DNA sequence of a gene 
coding for protein HMW1 (SEQ ID No: 1) . The hmwlA open 
reading frame extends from nucleotides 351 to 4958; 

Figures 2A and 2B contain the derived amino acid 
sequence of protein HMW1 (SEQ ID No: 2); 

Figures 3A to 3G contain the DNA sequence of a gene 
coding for protein HMW2 (SEQ ID No: 3) . The open hmw2A 
open reading frame extends from nucleotides 382 to 4782; 

Figures 4A and 4B contain the derived amino acid 
sequence of HMW2 (SEQ ID No: 4) ; 

Figure 5A shows restriction maps of representative 
recombinant phages which contained the HMW1 or HMW2 
structural genes' and of HMW1 plasmid subclones. The 
shaded boxes indicate the location of the structural 
genes. In the recombinant phage, transcription proceeds 
from left to right for the HMW1 gene and from right to 
left for the HMW2 gene; 

Figure 5B shows the restriction map of the T7 
expression vector pT7-7. This vector contains the T7 RNA 
polymerase promoter $10, a ribosomal binding site (rbs) 
and the translational start site for the T7 gene 10 
protein upstream from a multiple cloning site; 

Figures 6A to 6L contain the DNA sequence of a gene 
cluster for the hmwl gene (SEQ ID NO: 5) , comprising 
nucleotides 3 51 to 4958 (ORF a) (as in Figure 1), as well 
as two additional downstream genes in the 3' flanking 
region, comprising ORFs b, nucleotides 5114 to 6748 and 
c nucleotides 7062 to 9011; 

Figures 7A to 7L contain the DNA sequence of a gene 
cluster for the hmw2 gene (SEQ ID NO: 6), comprising 
nucleotides 792 to 5222 (ORF a) (as in Figure 3) , as well 
as two additional downstream genes in the 3' flanking 
region, comprising ORFs b, nucleotides 5375 to 7009, and 
c, nucleotides 7249 to 9198; 
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Figures 8A and 8B contain the DNA sequence of a gene 
coding for protein HMW3 (SEQ ID NO : 7); 

Figures 9A and 9B contain the DNA sequence of a gene 
coding for protein HMW4 (SEQ ID NO: 8) ; 

Figures 10A to 10L contain a comparison table for 
the derived amino acid sequence for proteins HMW1 (SEQ ID 
No: 2), HMW2 (SEQ ID No: 4), HMW3 (SEQ ID No: 9) and HMW4 

(SEQ ID No: 10) ; 

Figure 11 illustrates a Western immunoblot assay of 
phage lysates containing either the HMW1 or HMW2 
recombinant proteins. Lysates were probed with an £, 
coli-absorbed adult serum sample with high-titer antibody 
I^Inst high molecular weight proteins. The arrows 
indicate the major immunoreactive bands of 125 and 120 
kDa in the HMW1 and HMW2 lysates respectively ; 

Figure 12 is a Western immunoblot assay of cell 
sonicates prepared from E^coli transformed with plasmxd 
pT7 -7 (lanes 1 and 2), pHMWl-2 (lanes 3 and 4), pHMWl-4 
(lanes 5 and 6) or pHMWl-14 (lanes 7 and 8). The 
sonicates were probed with an E_coli-absorbed adult 
serum sample with high-titer antibody against high- 
m olecular weight proteins. Lanes labelled U and I 
sequence sonicates prepared before and after indication 
of the growing samples with IPTG, respectively. The 
arrows indicate protein bands of interest as discussed 
below; 

^ ^ Figure 13 is a graphical illustration of an ELISA 
with rHMWl antiserum assayed against purified filamentous 
haemagglutinin of p. pertussis, Ab = antibody; 

Figure 14 is a Western immunoblot assay of cell 
sonioates from a panel of epidemic logically unrelated 
non-typeable H. influenzae strains. The sonicates were 
probed with rabbit antiserum prepared against HMW1-4 
recombinant protein. The strain designations are 
indicated by the numbers below each line; 



Figure 15 is a Western immunoblot assay of cell 
sonicates from a panel of epidemiologically unrelated 
non-typeable H. influenzae strains. The sonicates were 
probed with monoclonal antibody X3C, a murine IgG 
antibody which recognizes the filamentous hemagglutinin 
of B. pertussis. The strain designations are indicated 
by the numbers below each line; 

Figure 16 shows an immunoblot assay of cell 
sonicates of non-typeable H. influenzae strain 12 
derivatives. The sonicates were probed with rabbit 
antiserum prepared against HMW-1 recombinant protein. 
Lanes: 1, wild-type strain; 2, HMW2" mutant; 3, HMW1" 
mutant; 4. HMW1" HMW2" double mutant; 

Figure 17 shows middle ear bacterial counts in PBS- 
immunized control animals (left panel) and HMW1/HMW2- 
immunized animals (right panel) seven days after middle 
ear inoculation with non-typeable Haemophilus influenzae 
strain 12. Data are log-transformed and the horizontal 
lanes indicate the means and standard deviations of 
middle ear fluid bacterial counts for only the infected 
animals in each group; 

Figure 18 is a schematic diagram of pGEMEX®-hmwl 
recombinant plasmids. The restriction enzymes are B- 
BamHI, E-EcoRI , C -Cla l . RV-EcoRV, Bst-BstEII and H- 
Hindlll; 

Figure 19 is a schematic diagram of pGEMEX®- hmw2 
recombinant plasmids. The restriction enzymes are E- 
EcoRI, H-Hindlll, Hc- Hinc ll , M-Mlul and X-Xhol ; 

Figure 20 is an immunoelectron micrograph of 
representative non-typeable Haemooh litis influenzae 
strains after incubation with monoclonal antibody AD6 
followed by incubation with goat anti-mouse IgG 
conjugated with 10-nm colloidal gold particles. Strains 
are: upper left panel-strain 12; upper right panel-strain 
12 mutant deficient in expression of the high molecular 
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weight proteins; lower left panel-strain 5; lower right 
panel-strain 15; 

Figure 21 is a Western immunoblot assay with Mab AD 6 
and HMW1 or HMW2 recombinant proteins. The upper left 
5 panel indicates the segments of hmwlA or hmw2A structural 

genes which are being expressed in the recombinant 
proteins. The lane numbers correspond to the indicated 
segments ; 

Figure 2 2 is a Western immunoblot assay with MAb 
10 10C5 and HMW1 or HMW2 recombinant proteins. The upper 

panel indicates the segments of the hmwlA or hmw2A 
structural genes which are being expressed in the 
recombinant proteins . The lane numbers correspond to the 
indicated segments; and 
15 Figure 2 3 is a Western immunoblot assay with MAb AD 6 

and a panel of unrelated non-typeable Haemophilus 
influenzae strains which express HMW1/HMW-2 like protein. 
Cell sonicates were prepared from freshly grown samples 
of each strain prior to analysis in the Western blot. 

20 

GENERAL DESCRIPTION OF INVENTION 
The DNA sequences of the genes coding for the HMW1 
and HMW2 proteins of non-typeable Haemophilus influenzae 
strain 12, shown in Figures 1 and 3 respectively, were 

25 shown to be about 80% identical, with the first 1259 base 

pairs of the genes being identical. The open reading 
frame extend from nucleotides 351 to 4958 and from 
nucleotide 382 to 4782 respectively. The derived amino 
acid sequences of the two HMW proteins, shown in Figures 

3 0 2 and 4 respectively, are about 70% identical* 

Furthermore, the encoded proteins are antigenically 
related to the filamentous hemagglutinin surface protein 
of Bordetella pertussis . A monoclonal antibody prepared 
against filamentous hemagglutinin (FHA) of Bordetella 

35 pertussis was found to recognize both of the high 

molecular weight proteins. This data suggests that the 



HMW and FHA proteins may serve similar biological 
functions. The derived amino acid sequences of the HMWi 
and HMW2 proteins show sequence similarity to that for 
the FHA protein. It has further been shown that these 
antigenically-related proteins are produced by the 
majority of the non-typeable strains of Haemophilus . 
Antisera raised against the protein expressed by the HMWI 
gene recognizes both the HMW2 protein and the B. 
pertussis FHA. The present invention includes an 
isolated and purified high molecular weight protein of 
non-typeable haemophilus which is antigenically related 
to the B. pertussis FHA and which may be obtained from 
natural sources or produced recombinant ly. 

A phage genomic library of a known strain of 
non-typeable Haemophilus was prepared by standard methods 
and the library was screened for clones expressing high 
molecular weight proteins, using a high titre antiserum 
against HMW's. A number of strongly reactive DNA clones 
were plaque-purified and sub-cloned into a T7 expression 
plasmid. It was found that they all expressed either one 
or the other of the two high-molecular-weight proteins 
designated HMWI and HMW2 , with apparent molecular weights 
of 125 and 120 kDa, respectively, encoded by open reading 
frames of 4.6 kb and 4.4 kb, respectively. 

Representative clones expressing either HMWI or HMW2 
were further characterized and the genes isolated, 
purified and sequenced. The DNA sequence of HMWI is 
shown in Figure l and the corresponding derived amino 
acid sequence in Figure 2. Similarly, the DNA sequence of 
HMW2 is shown in Figure 3 and the corresponding derived 
amino acid sequence in Figure 4. Partial purification of 
the isolated proteins and N-terminal sequence analysis 
indicated that the expressed proteins are truncated since 
their sequence starts at residue number 442 of both full 
length HMWI and HMW2 gene products. 



Subcloning studies with respect to the hmwl and hmw2 
genes indicated that correct processing of the HMW 
proteins required the products of additional downstream 
genes. It has been found that both the hmwl and hmw2 
genes are flanked by two additional downstream open 
reading frames (ORFs) , designated b and c, respectively, 
(see Figures 6 and 7) . 

The b ORFs are 1635 bp in length, extending from 
nucleotides 5114 to 6748 in the case of hmwl and 
nucleotides 5375 to 7009 in the case of hmw2 . with their 
derived amino acid sequences being 99% identical. The 
derived amino acid sequences demonstrate similarity with 
the derived amino acid sequences of two genes which 
encode proteins required for secretion and activation of 
hemolysins of P. mirabilis and S, marcescens . 

The c ORFs are 1950 bp in length, extending from 
nucleotides 7062 to 9011 in the case of hmwl and 
nucleotides 7249 to 9198 in the case of hmw_2, with their 
derived amino acid sequences 9 6% identical. The hmwl c 
ORF is preceded by a series of 9 bp direct tandem 
repeats. In plasmid subclones, interruption of the hmwl 
b or c ORF results in defective processing and secretion 
of the hmwl structural gene product. 

The two high molecular weight proteins HMW1 and HMW2 
have been isolated and purified by the procedures 
described below in the Examples and shown to be 
protective against otitis media in chinchillas and to 
function as adhesins. These results indicate the 
potential for use of such high molecular proteins and 
structurally-related proteins of other non-typeable 
strains of Haemophilus influenzae as components in 
immunogenic compositions for protecting a susceptible 
host, such as a human infant , against disease caused by 
infection with non-typeable Haemophilus influenzae . 

Since the proteins provided herein are good 
cross-reactive antigens and are present in the majority 
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of non-typeable Haemophilus strains, it is evident that 
these HMW proteins may become integral constituents of a 
universal Haemophilus vaccine. Indeed, these proteins 
may be used not only as protective antigens against 
5 otitis, sinusitis and bronchitis caused by the 

non-typeable Haemophilus strains, but also may be used as 
carriers for the protective Hib polysaccharides in a 
conjugate vaccine against meningitis. The proteins also 
may be used as carriers for other antigens, haptens and 

10 polysaccharides from other organisms, so as to induce 

immunity to such antigens, haptens and polysaccharides. 

The nucleotide sequences encoding two high molecular 
weight proteins of a different non-typeable Haemophilus 
strain (designated HMW3 and HMW4) , namely strain 5 have 

15 been elucidated, and are presented in Figures 8 and 9 

(SEQ ID Nos: 7 and 8). HMW3 has an apparent molecular 
weight of 12 5 kDa while HMW4 has an apparent molecular 
weight of 12 3 kDa. These high molecular weight proteins 
are antigenically related to the HMW1 and HMW2 proteins 

2 0 and to FHA. Figure 10 contains a multiple sequence 

comparison of the derived amino acid sequences for the 
four high molecular weight proteins identified herein 
(HMWl, SEQ ID No: 2; HMW2 , SEQ ID No: 4; HMW3 , SEQ ID No: 
9; HMW4, SEQ ID No, 10). As may be seen from this 
25 comparison, stretches of identical amino acid sequence 
may be found throughout the length of the comparison, 
with HMW3 more closely resembling HMWl and HMW4 more 
closely resembling HMW2 . This information is highly 
suggestive of a considerable sequence homology between 

3 0 high molecular weight proteins from various non-typeable 

Haemophilus strains. This information is also suggestive 
that the HMW3 and HMW4 proteins will have the same 
immunological properties as the HMWl and HMW2 proteins 
and that corresponding HMW proteins from other non- 
35 typeable Haemophilus strains will have the same 
immunological properties as the HMWl and HMW2 proteins. 
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In addition, mutants of non-typeable H. influenzae 
strains that are deficient in expression of HMWI or HMW2 
or both have been constructed and examined for their 
capacity to adhere to cultured human epithelial cells. 
5 The hmwl and hmw2 gene clusters have been expressed in E. 

coli and have been examined for in vitro adherence. The 
results of such experimentation, described below, 
demonstrate that both HMWI and HMW2 mediate attachment 
and hence are adhesins and that this function is present 
10 even in the absence of other H. influenzae surface 

structures. The ability of a bacterial surface protein 
to function as an adhesin provides strong in vitro 
evidence for its potential role as a protective antigen. 
In view of the considerable sequence homology between the 
15 HMW3 and HMW4 proteins and the HMWI and HMW2 proteins, 

these results indicate that HMW3 and HMW4 also are likely 
to function as adhesins and that other HMW proteins of 
other strains of non-typeable Haemophilus influenzae 
similarly are likely to function as adhesins. This 
2 0 expectation is borne out by the results described in the 

Examples below. 

With the isolation and purification of the high 
molecular weight proteins, the inventor is able to 
determine the major protective epitopes of the proteins 
25 by conventional epitope mapping and synthesizing peptides 

corresponding to these determinants for incorporation 
into fully synthetic or recombinant vaccines. 
Accordingly, the invention also comprises a synthetic 
peptide having at least six and no more than 150 amino 
30 acids and having an amino acid sequence corresponding to 

at least one protective epitope of a high molecular 
weight protein of a non-typeable Haemophilus influenzae . 
Such peptides are of varying length that constitute 
portions of the high molecular weight proteins, that can 
35 be used to induce immunity, either directly or as part of 

a conjugate, against the respective organisms and thus 



constitute active components of immunogenic compositions 
for protection against the corresponding diseases. 

In particular, the applicant has sought to identify 
regions of the high molecular weight proteins which are 
demonstrated experimentally to be surface-exposed B-cell 
epitopes and which are common to all or at least a large 
number of non-typeable strains of Haemophilus influenzae . 
The strategy which has been adopted by the inventor has 
been to: 

(a) generate a panel of monoclonal antibodies 
reactive with the high molecular weight proteins ; 

(b) screen those monoclonal antibodies for 
reactivity with surface epitopes of intact bacteria 
using immunoelectron microscopy or other suitable 
screening technique; 

(c) map the epitopes recognized by the monoclonal 
antibody by determining the reactivity of the 
monoclonals with a panel of recombinant fusion 
proteins; and 

(d) determining the reactivity of the monoclonal 
antibodies with heterologous non-typable Haemophilus 
influenzae strains using standard Western blot 
assays . 

Using this approach, the inventor has identified one 

monoclonal antibody, designated AD 6 (ATCC j , which 

recognized a surface-exposed B-cell epitope common to all 
non-typeable H. influenzae which express the HMW1 and 
HMW2 proteins. The epitope recognized by this antibody 
was mapped to a 75 amino acid sequence at the carboxy 
termini of both HMWl and HMW2 proteins. The ability to 
identify shared surface-exposed epitopes on the high 
molecular weight adhesion proteins suggests that it would 
be possible to develop recombinant or synthetic peptide 
based vaccines which would be protective against disease 
caused by the majority of non-typeable Haemophilia 
influenzae . 
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The present invention also provides any variant or 
fragment of the proteins that retains the potential 
immunological ability to protect against disease caused 
by non-typeable Haemophilus strains. The variants may be 
5 constructed by partial deletions or mutations of the 

genes and expression of the resulting modified genes to 
give the protein variants. 

It is clearly apparent to one skilled in the art, 
that the various embodiments of the present invention 
10 have many applications in the fields of vaccination, 

diagnosis, treatment of bacterial infections and the 
generation of immunological reagents. A further non- 
limiting discussion of such uses is further presented 
below. 

15 1. Vaccine Preparation and Use 

Immunogenic compositions, suitable to be used as 
vaccines, may be prepared from the high molecular weight 
proteins of Haemophilus influenzae . as well as analogs 
and fragments thereof, and synthetic peptides containing 

2 0 epitopes of the protein, as disclosed herein. The 

immunogenic composition elicits an immune response which 
produces antibodies, including anti-high molecular weight 
protein antibodies and antibodies that are opsonizing or 
bactericidal. 

2.5 Immunogenic compositions, including vaccines, may be 

prepared as injectables, as liquid solutions or 
emulsions. The active component may be mixed with 
pharmaceutical^ acceptable excipients which are 
compatible therewith. Such excipients may include, 

3 0 water, saline, dextrose, glycerol, ethanol, and 

combinations thereof. The immunogenic compositions and 
vaccines may further contain auxiliary substances, such 
as wetting or emulsifying agents, pH buffering agents, or 
adjuvants to enhance the effectiveness thereof. 
3 5 Immunogenic compositions and vaccines may be administered 
parenteral ly, by injection subcutaneous ly or 



intramuscularly. Alternatively, the immunogenic 

compositions formed according to the present invention, 
may be formulated and delivered in a manner to evoke an 
immune response at mucosal surfaces. Thus, the 

immunogenic composition may be administered to mucosal 
surfaces by, for example, the nasal or oral 
(intragastric) routes. Alternatively, other modes of 
administration including suppositories and oral 
formulations may be desirable. For suppositories, 
binders and carriers may include, for example, 
polyalkalene glycols or triglycerides. Oral formulations 
may include normally employed incipients such as, for 
example, pharmaceutical grades of saccharine, cellulose 
and magnesium carbonate. These compositions can take the 
form of solutions, suspensions, tablets, pills, capsules, 
sustained release formulations or powders and contain 
about l to 95% of the active component. The immunogenic 
preparations and vaccines are administered in a manner 
compatible with the dosage formulation, and in such 
amount as will be therapeutically effective, protective 
and immunogenic. The quantity to be administered depends 
on the subject to be treated, including, for example, the 
capacity of the individual's immune system to synthesize 
antibodies, and if needed, to produce a cell-mediated 
immune response. Precise amounts of active ingredient 
required to be administered depend on the judgment of the 
practitioner- However, suitable dosage ranges are 
readily determinable by one skilled in the art and may be 
of the order of micrograms of the HMW proteins. Suitable 
regimes for initial administration and booster doses are 
also variable, but may include an initial administration 
followed by subsequent administrations. The dosage may 
also depend on the route of administration and will vary 
according to the size of the host. 

The concentration of the active component in an 
immunogenic composition according to the invention is in 



general about l to 95%. A vaccine which contains 
antigenic material of only one pathogen is a monovalent 
vaccine. Vaccines which contain antigenic material of 
several pathogens are combined vaccines and also belong 
to the present invention. Such combined vaccines 
contain, for example, material from various pathogens or 
from various strains of the same pathogen, or from 
combinations of various pathogens. 

Immunogenicity can be significantly improved if the 
antigens are co-administered with adjuvants, commonly 
used as 0.05 to 0.1 percent solution in phosphate- 
buffered saline. Adjuvants enhance the immunogenicity of 
an antigen but are not necessarily immunogenic 
themselves. Adjuvants may act by retaining the antigen 
locally near the site of administration to produce a 
depot effect facilitating a slow, sustained release of 
antigen to cells of the immune system. Adjuvants can 
also attract cells of the immune system to an antigen 
depot and stimulate such cells to elicit immune 
responses . 

Immunostimulatory agents or adjuvants have been used 
for many years to improve the host immune responses to, 
for example, vaccines. Intrinsic adjuvants, such as 
lipopolysaccharides, normally are the components of the 
killed or attenuated bacteria used as vaccines. 
Extrinsic adjuvants are immunomodulators which are 
typically non-covalently linked to antigens and are 
formulated to enhance the host immune responses. Thus, 
adjuvants have been identified that enhance the immune 
response to antigens delivered parenterally . Some of 
these adjuvants are toxic, however, and can cause 
undesirable side-effects, making them unsuitable for use 
in humans and many animals. Indeed, only aluminum 
hydroxide and aluminum phosphate (collectively commonly 
referred to as alum) are routinely used as adjuvants in 
human and veterinary vaccines. The efficacy of alum in 
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increasing antibody responses to diphtheria and tetanus 
toxoxds is well established and a HBsAg vaccine has been 
ad^uvanted with aluxn. while the usefulness of alum is 
well established for some applications, it has 
5 Imitations. For example, alum is ineffective for 

influenza vaccination and inconsistently elicits a cell 
mediated immune response. The antibodies elicited by 
alum-adjuvanted antigens are mainly of the IgGl isotype 
m the mouse, which may not be optimal for protection by 
10 some vaccinal agents. 

A wide range of extrinsic adjuvants can provoke 
potent immune responses to antigens. These include 
saponins complexed to membrane protein antigens (immune 
stimulating complexes) , pluronic polymers with mineral 
15 oil, k ined mycobacteria in mineral oil, Freund's 

complete adjuvant, bacterial products, such as muramyl 
dipeptide (MDP) and lipopolysaccharide (LPS) , as well as 
lipid A, and liposomes. 

To efficiently induce humoral immune responses (HIR) 
and cell-mediated immunity (CMI) , immunogens are often 
emulsified in adjuvants. Ma ny adjuvants are toxic 
inducing granulomas, acute and chronic inflammations 
(Freund's complete adjuvant, FCA) , cytolysis (saponins 
and Pluronic polymers) and pyrogenicity , arthritis and 
25 anterior uveitis (LPS and MDP) . Although FCA is an 
excellent adjuvant and widely used in research, it is not 
licensed for use in human or veterinary vaccines because 
of its toxicity. 

Desirable characteristics of ideal adjuvants 
30 include: 

(1) lack of toxicity; 

(2) ability to stimulate a long-lasting immune response; 

(3) simplicity of manufacture and stability in long-term 
storage ; 

35 (4) ability to elicit both CMI and HIR to antigens 

administered by various routes, if required; 
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(5) synergy with other adjuvants ; 

(6) capability of selectively interacting with 
populations of antigen presenting cells (APC) ; 

(7) ability to specifically elicit appropriate T H i or 
T H 2 cell-specific immune responses; and 

(8) ability to selectively increase appropriate antibody 
isotype levels (for example, i gA ) against antigens. 

U.S. Patent No. 4,855,283 granted to Lockhoff et al 
on August 8, 1989 which is incorporated herein by 
reference thereto teaches glycolipid analogues including 
N-glycosylamides, N-glycosy lur eas and N- 
glycosylcarbamates, each of which is substituted in the 
sugar residue by an amino acid, as immuno-modulators or 
adjuvants. Thus, Lockhoff et al. (US Patent No. 
4,855,283 and ref . 29) reported that N-glycolipid analogs 
displaying structural similarities to the naturally- 
occurring glycolipids, such as glycosphingolipids and 
glycoglycerolipids, are capable of eliciting strong 
immune responses in both herpes simplex virus vaccine and 
20 pseudorabies virus vaccine. Some glycolipids have been 

synthesized from long chain-alky lamines and fatty acids 
that are linked directly with the sugars through the 
anomeric carbon atom, to mimic the functions of the 
naturally occurring lipid residues. 

25 U * S ' Patent No - 4,258,029 granted to Moloney, 

incorporated herein by reference thereto, teaches that 
octadecyl tyrosine hydrochloride (OTH) functioned as an 
adjuvant when complexes with tetanus toxoid and formalin 
inactivated type i, Tx and llx poliomyelitis virus 
30 vaccine. Also, Nixon-George et al. (ref. 30), reported 
that octadecyl esters of aromatic amino acids complexed 
with a recombinant hepatitis B surface antigen, enhanced 
the host immune responses against hepatitis B virus. 

Lipidation of synthetic peptides has also been used 
to increase their immunogenicity. Thus, Wiesmuller 1989, 
describes a peptide with a sequence homologous to a foot- 
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and-mouth disease viral protein coupled to an adjuvant 
tnpaliuxtyl-s-giyeeryl-cysteinylserylserine, being a 
synthetic analogue of the N-terminal part of the 
lipoprotein from Gram negative bacteria. Furthermore 
Deres et al. 1989, reported in vivo priming of virus- 
specific cytotoxic T lymphocytes with synthetic 
Upopeptide vaccine which comprised of modified synthetic 
peptides derived from influenza virus nucleoprotein by 
linkage to a lipopeptide, N-palmityl-s-[2 3- 

bis(palmitylxy)-( 2 RS) -propyl- [R] -cysteine (TPC) . 
2 * Immunoassays 

The high molecular weight protein of HaemonM 1 „c 
influenzae of the present invention is useful as an 
immunogen for the generation of anti-protein antibodies 
as an antigen in immunoassays including enzyme- linked 
immunosorbent assays (ELISA) , RiAs and other non-enzyme 
linked antibody binding assays or procedures known in the 
art for the detection of antibodies. m ELISA assays 
the protein is immobilized onto a selected surface for 
example, a surface capable of binding proteins, such as 
the wells of a polystyrene microtiter plate. After 
washing to remove incompletely adsorbed protein a 
nonspecific protein, such as a solution of bovine serum 
albumin (BSA) that is known to be antigenically neutral 
with regard to the test sample, may be bound to the 
selected surface. This allows for blocking of 

nonspecific adsorption sites on the immobilizing surface 
and thus reduces the background caused by nonspecific 
bindings of antisera onto the surface. 

The immobilizing surface is then contacted with a 
sample, such as clinical or biological materials, to be 
tested in a manner conducive to immune complex 
(antigen/antibody) formation. This may include diluting 
the sample with diluents, such as solutions of BSA 
bovine gamma globulin (EGG) and/or phosphate buffered 
saline (PBS)/Tween. The sample is then allowed to 



xneubate for fro. about 2 to 4 hours , at temperatures 
such as of the order of about 25' to 37C. . Following 
incubation, the sample-contacted surface is washed to 
remove non-immunocomplexed material. The washing 

procedure may include washing with a solution, such as 
PBS/Tween or a borate buffer. Following formation of 
specific immunocomplexes between the test sample and the 
bound protein, and subsequent washing, the occurrence 
and even amount, of immunocomplex formation may be 
determined by subjecting the immunocomplex to a second 
antibody having specificity for the first antibody if 
the test sample is of human origin, the second antibody 
15 ^ antibod y having specificity for human 
immunoglobulins and in general Ig G . To provide detecting 
means, the second antibody may have an associated 
activity such as an enzymatic activity that will 
generate, for example, a colour development upon 
incubating with an appropriate chromogenic substrate 
Quantification may then be achieved by measuring the 
degree of colour generation using, for example, a visible 
spectra spectrophotometer. 

3. Use of Sequences as Hybridization Probes 

The nucleotide sequences of the present invention 
comprising the sequences of the genes encoding the high 
molecular weight proteins of specific strains of non- 
tYPeable P^mophilus influenzae , now allow for the 
identification and cloning of the genes from any species 
of non-typeable Haemophilus and other strains of non- 
typeable Haemophilus influenzae ' 

The nucleotide sequences comprising the sequences of 
the genes of the present invention are useful for their 
ability to selectively form duplex molecules with 
complementary stretches of other genes of high molecular 
weight proteins of non-typeable Haemophilus. Depending 
on the application, a variety of hybridization conditions 
may be employed to achieve varying degrees of selectivity 
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of the probe toward the other genes. For a high degree 
of selectivity, relatively stringent conditions are used 
to form the duplexes, such as low salt and/or high 
temperature conditions, such as provided by 0.02 M to 
0.15 M Naci at temperatures of between about 50*C to 70C. 
For some applications, less stringent hybridization 
conditions are required such as 0.15 M to 0.9 M salt, at 
temperatures ranging from between about 2 0*C to 55C. 
Hybridization conditions can also be rendered more 
stringent by the addition of increasing amounts of 
f ormamide, to destabilize the hybrid duplex. Thus, 
particular hybridization conditions can be readily 
manipulated, and will generally be a method of choice 
depending on the desired results, in general, convenient 
hybridization temperatures in -the presence of 50% 
formamide are: 42C for a probe which is 95 to 100% 
homologous to the target fragment, 37C for 90 to 95% 
homology and 32C for 85 to 90% homology. 

In a clinical diagnostic embodiment, the nucleic 
acid sequences of the genes of the present invention may 
be used in combination with an appropriate means, such as 
a label, for determining hybridization. a wide variety 
of appropriate indicator means are known in the art, 
including radioactive, enzymatic or other ligands, such 
as avidin/biotin, which are capable of providing a 
detectable signal. In some diagnostic embodiments, an 
enzyme tag such as urease, alkaline phosphatase or 
peroxidase, instead of a radioactive tag may be used. In 
the case of enzyme tags, colorimetric indicator 
substrates are known which can be employed to provide a 
means visible to the human eye or spectrophotometrically , 
to identify specific hybridization with samples 
containing gene sequences encoding high molecular weight 
proteins of non-typeable Haemophilus . 

The nucleic acid sequences of genes of the present 
invention are useful as hybridization probes in solution 
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hybridizations and in embodiments employing solid-p hase 
procedures. In embodiments involving solid-phase 

procedures, the test DNA (or RNA) from samples, such as 
clinical samples, including exudates, body fluids (e g 
serum, amniotic fluid, middle ear effusion, sput um' 
bronchoalveolar lavage fluid) or even tissues is 
adsorbed or otherwise affixed to a selected matrix or 
surface. The fixed, single-stranded nucleic acid is then 
subjected to specific hybridization with selected probes 
comprising the nucleic acid sequences of the genes or 
fragments thereof of the present invention under desired 
conditions. The selected conditions will depend on the 
particular circumstances based on the particular criteria 
required depending on, for example, the G+ C contents 
type of target nucleic acid, source of nucleic acid size 
of hybridization probe etc. Following washing of the 
hybridization surface so as to remove non-specif ically 
bound probe molecules, specific hybridization is 
detected, or even quantified, by means of the label As 
with the selection of peptides, it is preferred to select 
nucleic acid sequence portions which are conserved among 
species of non-typeable Haemophilus. The selected probe 
may be at least about 18 bp and may be in the range of 
about 3 0 bp to about 90 bp long. ' 

4. Expression of the High Molecular Weight Protein 
Genes 

Plasmid vectors containing replicon and control 
sequences which are derived from species compatible with 
the host cell may be used for the expression of the genes 
encoding high molecular weight proteins of non-typeable 
Haemo P hi]us in expression systems. The vector ordinarily 
carries a replication site, as well as marking sequences 
which are capable of providing phenotypic selection in 
transformed cells. For example, E, call may be 
transformed using .p B R322 which contains genes for 
ampicillin and tetracycline resistance and thus provides 



easy means for identifying transformed cells. The P BR3 2 2 
plasmid, or other microbial plasmid or phage must also 
contain, or be modified to contain, promoters which can 
be used by the host cell for expression of its own 
proteins . 

in addition, phage vectors containing replicon and 
control sequences that are compatible with the host can 
be used as a transforming vector in connection with these 
hosts. For example, the phage in lambda GEM™-n may be 
utilized in making recombinant phage vectors which can be 
used to transform host cells, such as E. col i LE392. 

Promoters commonly used in recombinant DNA 
construction include the ^-lactamase (penicillinase) and 
lactose promoter systems (Chang et al v 1978: Itakura et 
al., 1977 Goeddel et al., 1979; Goeddel etal., 1980) and 
other microbial promoters such as the T7 promoter system 
(U.S. Patent 4,952,496). Details concerning the 

nucleotide sequences of promoters are known, enabling a 
skilled worker to ligate them functionally with genes 
The particular promoter used will generally be a matter 
of choice depending upon the desired results. Hosts that 
are appropriate for expression of the genes encoding the 
high molecular weight proteins, fragment analogs or 
variants thereof, include E. coli, Bacillus species 
Haemophilus , fungi, yeast or the baculovirus expression 
system may be used. 

in accordance with this invention, it is preferred 
to make the high molecular weight proteins by recombinant 
methods, particularly since the naturally occurring high 
molecular weight protein as purified from a culture of a 
species of non-typeable Haemophilus may include trace 
amounts of toxic materials or other contaminants. This 
problem can be avoided by using recombinant^ produced 
proteins in heterologous systems which can be isolated 
from the host in a manner to minimize comtaminants in the 
purified material. Particularly desirable hosts for 
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expression in this regard include Gran, positive bacteria 
which do not have LPS and are, therefore, endotoxin free 
Such hosts include species of Bacillus and may be 
particularly useful for the production of non-pyrogenic 
high molecular weight protein, fragments or analogs 
thereof. Furthermore, recombinant methods of production 
permit the manufacture of HMWl, HMW2 , HMW3 or HMW4 and 
corresponding HMW proteins from other non-typeable 
Haemophilus influenzae strains, or fragments thereof 
separate from one another and devoid of non-HMW protein 
of non-typeable Haemophilus influent 

Biological Deposits 

Certain hybridomas producing monoclonal antibodies 
specif ic for high molecular weight protein of H^hilus 
influenzae according to aspects of the present invention 
that are described and referred to herein have been 
deposited with the American Type culture Collection 
(ATCC) located at 12301 ParJclawn Drive, RocJcville, 
Maryland, USA, 20852, pursuant to the Budapest Treaty and 
prior to the filing of this application. Samples of the 
deposited hybridomas will become available to the public 
upon grant of a patent based upon this United States 
patent application. The invention described and claimed 
herein is not to be limited in scope by the hybridomas 
deposxted, since the deposited embodiment is intended 
only as an illustration of the invention. Any equivalent 
or similar hybridomas that produce similar or equivalent 
antibodies as described in this application are within 
the scope of the invention. 
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EXAMPLES 

The above disclosure generally describes the present 
invention. A more complete understanding can be obtained 
by reference to the following specific Examples. These 
Examples are described solely for purposes of 
illustration and are not intended to limit the scope of 
the invention. Changes in form and substitution of 
equivalents are contemplated as circumstances may suggest 
or render expedient. Although specific terms have been 
employed herein, such terms are intended in a descriptive 
sense and not for purposes of limitations. 

Methods of molecular genetics, protein biochemistry, 
and immunology used but not explicitly described in this 
disclosure and these Examples are amply reported in the 
scientific literature and are well within the ability of 
those skilled in the art. 
Example 1 : 

This Example describes the isolation of DNA encoding 
HMW1 and KMW2 proteins, cloning and expression of such 
proteins, and sequencing and sequence analysis of the DNA 
molecules encoding the HMWl and HMW2 proteins. 

Non-typeable H . influenzae, strains 5 and 12 were 
isolated in pure culture from the middle ear fluid of 
children with acute otitis media. Chromosomal DNA from 
strain 12, providing genes encoding proteins HMWl and 
HMW2 , was prepared by preparing Sau3A partial restriction 
digests of chromosomal DNA and fractionating on sucrose 
gradients. Fractions containing DNA fragments in the 9 
to 20 kbp range were pooled and a library was prepared by 
30 ligation into XEMBL3 anas. Ligation mixtures were 
packaged in vitro and plate-amplified in a P2 lysogen of 
E. coli LE392. 

For plasmid subcloning studies, DNA from a 
representative recombinant phage was subcloned into the 
T7 expression plasmid pT7-7, containing the T7 RNA 
polymerase promoter $10, a ribosome-binding site and the 
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translational start site for the T7 gene 10 protein 
upstream from a multiple cloning site (see Figure 5B) . 

DNA sequence analysis was performed by the dideoxy 
method and both strands of the HMW1 gene and a single 
strand of the HMW2 gene were sequenced. 

Western immunoblot analysis was performed to 
identify the recombinant proteins being produced by 
reactive phage clones (Figure 11) . Phage lysates grown 
in LE392 cells or plaques picked directly from a lawn of 
LE392 cells on YT plates were solubilized in gel 
electrophoresis sample buffer prior to electrophoresis. 
Sodium dodecyl sulfate polyacrylamide gel electrophoresis 
(SDS-PAGE) was performed on 7,5% or 11% polyacrylamide 
modified Laemmli gels. After transfer of the proteins to 
nitrocellulose sheets, the sheets were probed 
sequentially with an E. coli -absorbed human serum sample 
containing high-titer antibody to the high-molecular- 
weight proteins and then with alkaline phosphatase- 
conjugated goat anti-human immunoglobulin G (IgG) second 
antibody. Sera from healthy adults contains high-titer 
antibody directed against surface-exposed high-molecular- 
weight proteins of non-typeable H. influenzae . One such 
serum sample was used as the screening antiserum after 
having been extensively absorbed with LE392 cells. 

To identify recombinant proteins being produced by 
E . coli transformed with recombinant plasmids, the 
plasmids of interest were used to transform E. coli BL21 
(DE3)/pLysS. The transformed strains were grown to an 
A^oq of 0.5 in L broth containing 50 fig of ampicillin per 
ml. IPTG was then added to 1 mM. One hour later, cells 
were harvested, and a sonicate of the cells was prepared* 
The protein concentrations of the samples were determined 
by the bicinchoninic acid method. Cell sonicates 
containing 100 fig of total protein were solubilized in 
electrophoresis sample buffer, subjected to SDS- 
polyacrylamide gel electrophoresis, and transferred to 
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nitrocellulose. The nitrocellulose was then probed 
sequentially with the E i _coli-absorbed adult serum sample 
and then with alkaline phosphatase-con jugated goat anti- 
human IgG second antibody. 

Western immunoblot analysis also was performed to 
determine whether homologous and heterologous non- 
typeable h. influenzae strains expressed high-molecular- 
weight proteins antigenically related to the protein 
encoded by the cloned HMW1 gene (rHMWl) . Cell sonicates 
of bacterial cells were solubilized in electrophoresis 
sample buffer, subjected to SDS-polyacrylamide gel 
electrophoresis, and transferred to nitrocellulose. 
Nitrocellulose was probed sequentially with polyclonal 
rabbit rHMWl antiserum and then with alkaline 
15 phosphatase-con jugated goat anti-rabbit IgG second 

antibody. 

Finally, Western immunoblot analysis was performed 
to determine whether non-typeable Haemophilus strains 
expressed proteins antigenically related to the 
20 filamentous hemagglutinin protein of Bordetella 

pertussis. Monoclonal antibody X3C, a murine 

immunoglobulin G (IgG) antibody which recognizes 
filamentous hemagglutinin, was . used to probe cell 
sonicates by Western blot. An alkaline phosphatase- 

2 5 conjugated goat anti-mouse IgG second antibody was used 

for detection. 

To generate recombinant protein antiserum, E. coli 
BL21(DE3) /pLysS was transformed with pHMWl-4, and 
expression of recombinant protein was induced with IPTG, 

3 0 as described above. A cell sonicate of the bacterial 

cells was prepared and separated into a supernatant and 
pellet fraction by centrif ugation at 10,000 x g for 30 
min. The recombinant protein fractionated with the 
pellet fraction. A rabbit was subcutaneous ly immunized 
3 5 on biweekly schedule with 1 mg of protein from the pellet 

fraction, the first dose given with Freund's complete 
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adjuvant and subsequent doses with Freund's incomplete 
adjuvant. Following the fourth injection, the rabbit was 
bled. Prior to use in the Western blot assay, the 
antiserum was absorbed extensively with sonicates of the 

5 host coli strain transformed with cloning vector 

alone . 

To assess the sharing of antigenic determinants 
between HMW1 and filamentous hemagglutinin, enzyme-linked 
immunosorbent assay (ELISA) plates (Costar, Cambridge, 

10 Mass.) were coated with 60 /il of a 4-/xg/ml solution of 

filamentous hemagglutinin in Dulbecco's phosphate- 
buffered saline per well for 2 h at room temperature. 
Wells were blocked for 1 h with 1% bovine serum albumin 
in Dulbecco's phosphate-buffered saline prior to addition 

15 of serum dilutions. rHMWl antiserum was serially diluted 

in 0.1% Brij (Sigma, S~t. Louis, Mo.) in Dulbecco's 
phosphate-buffered saline and incubated for 3 h at room 
temperature. After being washed, the plates were 
incubated with peroxidase-con jugated goat anti-rabbit lgG 

20 antibody (Bio-Rad) for 2 h at room temperature and subse- 

quently developed with 2 , 2 ' -a z ino-bis ( 3 - 
ethylbenzthiazoline-6-sulfonic acid) (Sigma) at a 
concentration of 0.54 in mg/ml in 0.1 M sodium citrate 
buffer, pH 4.2, containing 0.03% H 2 O a . Absorbances were 

25 read on an automated ELISA reader. 

Recombinant phage expressing HMW1 or HMW2 were 
recovered as follows. The non-typeable H. influenzae 
strain 12 genomic library was screened for clones 
expressing high-molecular-weight proteins with an JL*. 

30 coli-absorbed human serum sample containing a high titer 
of antibodies directed against the high-molecular-weight 
proteins . 

Numerous strongly reactive clones were identified 
along with more weakly reactive ones. Twenty strongly 
35 reactive clones were plaque-purified and examined by 

Western blot for expression of recombinant proteins. 



Each of the strongly reactive clones expressed one of two 
types of high-molecular-weight proteins, designated HMWl 
and HMW2. The major immunoreactive protein bands in the 
HMWl and HMW2 lysates migrated with apparent molecular 
masses of 125 and 120 kDa, respectively. In addition to 
the major bands, each lysate contained minor protein 
bands of higher apparent molecular weight. Protein bands 
seen in the HMW2 lysates at molecular masses of less than 
12 0 kDa were not regularly observed and presumably 
represent proteolytic degradation products. Lysates of 
LE392 infected with the XEMBL3 cloning vector alone were 
non-reactive when immunologically screened with the same 
serum sample. Thus, the observed activity was not due to 
cross-reactive E. coli proteins or XEMBL3 -encoded pro- 
teins. Furthermore, the recombinant proteins were not 
simply binding immunoglobulin nonspecif ically , since the 
proteins were not reactive with the goat anti-human IgG 
conjugate alone, with normal rabbit sera, or with serum 
from a number of healthy young infants. 

Representative clones expressing either the HMWl or 
HMW2 recombinant proteins were characterized further. 
The restriction maps of the two phage types were 
different from each other, including the regions encoding 
the HMWl and HMW2 structural genes. Figure -5A shows 
restriction maps of representative recombinant phage 
which contained the HMWl or HMW2 structural genes. The 
locations of the structural genes are indicated by the 
shaded bars. 

HMWl plasmid subclones were constructed by using the 
T7 expression plasmid T7-7 (Fig. 5A and B) . HMW2 plasmid 
subclones also were constructed, and the results with 
these latter subclones were similar to those observed 
with the HMWl constructs. 

The approximate location and direction of 
transcription of the HMWl structure gene were initially 
determined by using plasmid pHMWl (Fig. 5A) . This 
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plasmid was constructed by inserting the 8.5-kb BamHi- 
Sail fragment from XHMWl into BamHI- and Sail-cut P T7-7. 

~ transformed with pHMWl expressed an 

immunoreactive recombinant protein with an apparent 
molecular mass of 115 kDa, which was strongly inducible 
wxth IPTG. This protein was significantly smaller than 
the 12 5-kDa major protein expressed by the parent phage 
indicating that it either was being expressed as a fusion 
protein or was truncated at the carboxy terminus. 

To more precisely localize the 3' end of the 
structural gene, additional plasmids were constructed 
with progressive deletions from the 3' end of the pHMWl 
construct. Plasmid P HMWl-i was constructed by digestion 
of pHMWl with PstI, isolation of the resulting 8.8-kb 
fragment, and religation. Plasmid pHMWl-2 was 

constructed by digestion of pHMWl with HindHI, isolation 
of the resulting 7.5-kb fragment, and religation. 
coli transformed with either plasmid pHMWl-i or P HMWl-2 
also expressed an immunoreactive recombinant protein with 
an apparent molecular mass of lis kDa. These results 
indicated that the 3' end of the structural gene was 5' 
of the HindHI site. Figure 12 demonstrates the Western 
blot results with pHMWl-2 transformed cells before and 
after IPTG indicates (lanes 3 and 4 , respectively). The 
115 kDa recombinant protein is indicated by the arrow. 
Transformants also demonstrated cross-reactive bands of 
lower apparent molecular weight, and probably represent 
partial degradation products. shown for comparison and 
the results for E. coli transformed with the pT7-7 
cloning vector alone (Fig. i2/ lanes 1 and 2). 

To more precisely localize the 5' end of the gene, 
plasmids pHMWl-4 and pHMWi-7 were constructed. Plasmid 
PHMW1-4 was constructed by cloning the 5.1-kb BamHl- 
Hindlll fragment from XHMWl into a P T7-7-derived plasmid 
containing the upstream 3.8-kb EcoRi-BamHi fragment. 
coli transformed with pHMWl-4 expressed an immunoreactive 



protein with an apparent molecular mass of approximately 
160 kDa (Fig. 12, lane 6). Although protein production 
was inducible with IPTG, the levels of protein production 
in these transf ormants were substantially lower than 
5 those with the pHMWl-2 transf ormants described above. 

Plasmid pHMWl-7 was constructed by digesting pHMWl-4 with 
Ndel and Spel. The 9.0-kbp fragment generated by this 
double digestion was isolated, blunt ended, and 
religated. E. coli transformed with pHMWl-7 also 

10 expressed an immunoreactive protein with an apparent 

molecular mass of 160 kDa, a protein identical in size to 
that expressed by the pHMWl-4 transf ormants . The result 
indicated that the initiation codon for the HMW1 
structural gene was 3' of the Spe l site. DNA sequence 

15 analysis (described below) confirmed this conclusion. 

As noted above, the XHMW1 phage clones expressed a 
major immunoreactive band of 12 5 kDa, whereas the HMW1 
plasmid clones pHMWl-4 and pHMWl-7, which contained what 
was believed to be the full-length gene, expressed an 

2 0 immunoreactive protein of approximately 160 kDa. This 

size discrepancy was disconcerting. One possible 
explanation was that an additional gene or genes 
necessary for correct processing of the HMW1 gene- product 
were deleted in the process of subcloning. To address 

25 this possibility, plasmid pHMWl-14 was constructed. This 
construct was generated by digesting pHMWl with Nde l and 
Mlu l and inserting the 7.6-kbp Nde l- Mlu l fragment 
isolated from pHMWl-4. Such a construct would . contain 
the full-length HMW1 gene as well as the DNA 3' of the 

30 HMW1 gene which was present in the original HMW1 phage. 

E. coli transformed with this plasmid expressed major 
immunoreactive proteins with apparent molecular masses of 
125 and 160 kDa as well as additional degradation 
products (Fig. 12, lanes 7 and 8). The 125- and 160-kDa 

35 bands were identical to the major and minor 

immunoreactive bands detected in the HMW1 phage lysates. 
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Interestingly, the pHMWl-14 construct also expressed 
significant amounts of protein in the uninduced 
condition, a situation not observed with the earlier 
constructs . 

The relationship between the 12 5- and 160-kDa 
proteins remains somewhat unclear. Sequence analysis, 
described below, reveals that the HMW1 gene would be 
predicted to encode a protein of 159 kDa . It is believed 
that the 160-kDa protein is a precursor form of the 
mature 125-kDa protein, with the conversion from one 
protein to the other being dependent on the products of 
the two downstream genes. 

Sequence analysis of the HMW1 gene (Figure l) 
revealed a 4,608-bp open reading frame (ORF) , beginning 
with an ATG codon at nucleotide 3 51 and ending with a TAG 
stop codon at nucleotide 4959. A putative ribosome- 
binding site with the sequence AGGAG begins J o bp up- 
stream of the putative initiation codon. Five other in- 
frame ATG codons are located within 250 bp of the 
beginning of the ORF, but none of these is preceded by a 
typical ribosome-binding site. The 5 '-flanking region of 
the ORF contains a series of direct tandem repeats, with 
the 7-bp sequence ATCTTTC repeated 16 times. These 
tandem repeats stop 100 bp 5' of the putative initiation 
codon. An 8-bp inverted repeat characteristic of a rho- 
independent transcriptional terminator is present , 
beginning at nucleotide 4983, 25 bp 3' of the presumed 
trans lational stop. Multiple termination codons are 
present in all three reading frames both upstream and 
downstream of the ORF. The derived amino acid sequence 
of the protein encoded by the HMW1 gene (Figure 2) has a 
molecular weight of 159,000, in good agreement with the 
apparent molecular weights of the proteins expressed by 
the HMW1-4 and HMW1-7 transf ormants . The derived amino 
acid sequence of the amino terminus does not demonstrate 
the characteristics of a typical signal sequence. The 



BamHI site used in generation of pHMWl comprises bp 1743 
through 174 8 of the nucleotide sequence. The ORF 
downstream of the BamHI site would be predicted to encode 
a protein of ill kDa, in good agreement with the 115 kDa 
estimated for the apparent molecular mass of the pHMWl- 
encoded fusion protein. 

The sequence of the HMW2 gene (Figure 3) consists of 
a 4,4 31-bp ORF, beginning with an ATG codon at nucleotide 
352 and ending with a TAG stop codon at nucleotide 4783. 
The first 1,259 bp of the ORF of the HMW2 gene are 
identical to those of the HMWl gene. Thereafter, the 
sequences begin to diverge but are 8 0% identical overall. 
With the exception of a single base addition at 
nucleotide 93 of the HMW2 sequence, the 5 '-flanking 
regions of the HMWl and HMW2 genes are identical for 3 10 
bp upstream from the respective initiation codons. Thus, 
the HMW2 gene is preceded by the same set of tandem 
repeats and the same putative ribosome-binding site which 
lies 5' of the HMWl gene. A putative transcriptional 
terminator identical to that identified 3' of the HMWl 
ORF is noted, beginning at nucleotide 4804. The 
discrepancy in the lengths of the two genes is 
principally accounted for by a 186-bp gap in. .the HMW2 
sequence, beginning at nucleotide position 3839. The 
derived amino acid sequence of the protein encoded by the 
HMW2 gene (Figure 4) has a molecular weight of 155,000 
and is 71% identical with the derived amino acid sequence 
of the HMWl gene. 

The derived amino acid sequences of both the HMWl 
and HMW2 genes (Figures 2 and 4) demonstrated sequence 
similarity with the derived amino acid sequence of 
filamentous hemagglutinin of Bordetel 1 a oerbiss i c ^ a 
surface-associated protein of this organism. The initial 
and optimized TFASTA scores for the HMWl- filamentous 
hemagglutinin sequence comparison were 87 and 186, 
respectively, with a word size of 2. The z score for the 



comparison was 45.8. The initial and optimized TFASTA 
scores for the HMW2 -filamentous hemagglutinin sequence 
comparison were 68 and 196, respectively. The z score 
for the latter comparison was 48.7. The magnitudes of 
the initial and optimized TFASTA scores and the z scores 
suggested that a biologically significant relationship 
existed between the HMWl and HMW2 gene products and 
filamentous hemagglutinin. When the derived amino acid 
sequences of HMWl, HMW2 , and filamentous hemagglutinin 
genes were aligned and compared, the similarities were 
most notable at the amino-terminal ends of the three 
sequences. Twelve of the first 22 amino acids in the 
predicted peptide sequences were identical. In addition, 
the sequences demonstrated a common f ive-amino-acid 
stretch, Asn-Pro-Asn-Gly-ile, and several shorter 
stretches of sequence identity within the first 2 00 amino 
acids . 
Example 2 : 

This Example describes the relationship of 
filamentous hemagglutinin and the HMW1 protein. 

To further explore the HMWl- filamentous 
hemagglutinin relationship, the ability of antiserum 
prepared against the HMW1-4 recombinant protein (rHMWl) 
to recognize purified filamentous hemagglutinin was 
assessed (Figure 13). The rHMWl antiserum demonstrated 
ELISA reactivity with filamentous hemagglutinin in a 
dose-dependent manner. Preimmune rabbit serum had 
minimal reactivity in this assay. The rHMWl antiserum 
also was examined in a Western blot assay and 
demonstrated weak but positive reactivity with purified 
filamentous hemagglutinin in this system also. 

To identify the native Haemophi i» fi protein 
corresponding to the HMWl gene product and to determine 
the extent to which proteins antigenically related to the 
HMWl cloned gene product were common among other non- 
typeable H. influenzae strains, a panel of Haemophilus 
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strains was screened by Western blot with the rHMWl 
antiserum. The antiserum recognized both a 125- and a 
120-kDa protein band in the homologous strain 12 (Figure 
14) , the putative mature protein products of the HMWl and 
HMW2 genes, respectively. The 120-kDa protein appears as 
a single band in Figure 14, wherein it appeared as a 
doublet in the HMW2 phage lysates (Figure 11) . 

When used to screen heterologous non-typeable 
influenzae strains, rHMWl antiserum recognized high- 
molecular -weight proteins in 75% of 125 epidemiological^ 
unrelated strains. In general, the antiserum reacted 
with one or two protein bands in the 100- to 15 0-kDa 
range in each of the heterologous strains in a pattern 
similar but not identical to that seen in the homologous 
15 strain (Figure 14) . 

Monoclonal antibody X3C is a murine IgG antibody 
directed against the filamentous hemagglutinin protein of 
B. pertussis . This antibody can inhibit the binding of 
B. pertussis cells to Chinese hamster ovary cells and 

20 HeLa cells in culture and will inhibit hemagglutination 

of erythrocytes by purified filamentous hemagglutinin. 
A Western blot assay was performed in which this 
monoclonal antibody was screened against the same panel 
of non-typeable H. influenza strains discussed above 

25 (Figure 14) . Monoclonal antibody X3C recognized both the 

high-molecular-weight proteins in non-typeable 
influenzae strain 12 which were recognized by the 
recombinant-protein antiserum (Figure 15) . in addition, 
the monoclonal antibody recognized protein bands in a 

30 subset of heterologous non-typeable H. influent strains 
which were identical to those recognized by the 
recombinant-protein antiserum, as may be seen by 
comparison of Figures 14 and 15. On occasion, the 
filamentous hemagglutinin monoclonal antibody appeared to 

35 recognize only one of the two bands which had been 
recognized by the recombinant-protein antiserum (compare 
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strain lane 18 in Figures 14 and 15, for example). 
. Overall, monoclonal antibody X3C recognized high- 
molecular-weight protein bands identical to those 
recognized by the rUMWl antiserum in approximately 35% of 
our collection of non-typeable H. influenzae strains. 
Example 3 : 

This Example describes the adhesin properties of the 
HMWl and HMW2 proteins. 

Mutants deficient in expression of HMWl, HMW2 or 
both proteins were constructed to examine the role of 
these proteins in bacterial adherence. The following 
strategy was employed. pHMWl-14 (see Example l, Figure 
5A) was digested with BamHI and then ligated to a 
kanamycin cassette isolated on a 1.3-kb BamHI fragment 
15 from pUC4K. The resultant plasmid (pHMWi-17) was 

linearized by digestion with Xbal and transformed into 

non-typeable H. influenzae strain 12, followed by 

selection for kanamycin resistant colonies. Southern 
analysis of a series of these colonies demonstrated two 
20 populations of transf ormants , one with an insertion in 

the HMWl structural gene and the other with an insertion 
in the HMW2 . structural gene. one mutant from each of 
these classes was selected for further studies.. 

Mutants deficient in expression of both proteins 
25 were recovered using the following protocol. After 
deletion of the 2 . 1-kb fragment of DNA between two Ecori 
sites spanning the 3 '-portion of the HMWl structural gene 
and the 5 '-portion of a downstream gene encoding an 
accessory processing protein in. pHMW-15, the kanamycin 
30 cassette from pUC4K was inserted as a 1.3-kb EcoRl 
fragment. The resulting plasmid (pHMWl-16) was 

linearized by digestion with 2<bal and transformed into 
strain 12, followed again by selection for kanamycin 
resistant colonies. Southern analysis of a 

35 representative sampling of these colonies demonstrated 

that in seven of eight cases, insertion into both the 
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HMWl and HMW2 loci had occurred. One such mutant was 
selected for further studies. 

To confirm the intended phenotypes, the mutant 
strains were examined by Western blot analysis with a 
polyclonal antiserum against recombinant HMWl protein. 
The parental strain expressed both the 125-kD HMWl and 
the 120-kD HMW2 protein (Figure 16) . m contrast, the 
HMW2- mutant failed to express the 120-kD protein, and the 
HMWl mutant failed to express the 125-kD protein. The 
double mutant lacked expression of either protein. On 
the basis of whole cell lysates, outer membrane profiles, 
and colony morphology, the wild type strain and the 
mutants were otherwise identical with one another. 
Transmission electron microscopy demonstrated that none 
15 of the four strains expressed pili. 

The capacity of wild type strain 12 to adhere to 
Chang epithelial cells was examined. in such assays, 
bacteria were inoculated into broth and allowed to grow 
to a density of -2 x 10 9 cfu/ml. Approximately 2 x 10 7 
2 0 cfu were inoculated onto epithelial cell monolayers, and 

plates were gently centrifuged at 165 x g for 5 minutes 
to facilitate contact between bacteria and the epithelial 
surface. After incubation for 30 minutes at 37 °c in 5% 
C0 2/ monolayers were rinsed 5 times with PBS to remove 
25 nonadherent organisms and were treated with trypsin-EDTA 

(0.05% trypsin, 0.5% EDTA) in PBS to release them from 
the plastic support. Well contents were agitated, and 
dilutions were plated on solid medium to yield the number 
of adherent bacteria per monolayer. Percent adherence 
30 was calculated by dividing the number of adherent cfu per 
monolayer by the number of inoculated cfu. 

As depicted in Table 1 below (the Tables appear at 
the end of the descriptive text) , this strain adhered 
quite efficiently, with nearly 90% of the inoculum 
35 binding to the monolayer. Adherence by the mutant 
expressing HMWl but not HMW2 (HMW2*) was also quite 



efficient and comparable to that by the wild type strain. 
In contrast, attachment by the strain expressing HMW2 but 
deficient in expression of HMW1 (HMWl") was decreased 
about 15-fold relative to the wild type. Adherence by 
the double mutant (HMW1/HMW2) was decreased even 
further, approximately 50-fold compared with the wild 
type and approximately 3 -fold compared with the HMWl 
mutant. Considered together, these results suggest that 
both the HMWl protein and the, HMW2 protein influence 
attachment to Chang epithelial cells. Interestingly, 
optimal adherence to this cell line appears to require 
HMWl but not HMW2 . 
Example 4 : 

This Example illustrates the preparation and 
expression of HMW3 and HMW4 proteins and their function 
as adhesins. 

Using the plasmids pHMWl-16 and pHMWl-17 (see 
Example 3) and following a scheme similar to that 
employed with strain 12 as described in Example 3, three 
non-typeable Haemophilus strain 5 mutants were isolated, 
including one with the kanamycin gene inserted into the 
hmwl-like (designated hmw3) locus, a second with an 
insertion in the hmw2-like (designated hmw4) locus, and 
a third with insertions in both loci. As predicted, 
Western immunoblot analysis demonstrated that the mutant 
with insertion of the kanamycin cassette into the hmwl- 
like locus had lost expression of the HMW3 125-kD 
protein, while the mutant with insertion into the hmw2- 
like locus failed to express the HMW4 123-kD protein. 
The mutant with a double insertion was unable to express 
either of the high molecular weight proteins. 

As shown in Table l below, wild type strain 5 
demonstrated high level adherence, with almost 80% of the 
inoculum adhering per monolayer. Adherence by the mutant 
deficient in expression of the HMW2-like protein (i.e. 
HMW4 protein) was also quite high. In contrast, 
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adherence by the mutant unable to express the HKWl-l ike 
Protean a . e . ^ prQtein) ^ 

a T " ild type " ^ the double 

mutant was diminished even further (approximately 25- 
fold) . Examination of Giemsa-stained samples oonf irmed 

strain 5 for proteins HHW3 and HMW4 oorroborate the 
--rn^with strain 12 and the HKW! and HKW2 proteins. 

This Example contains additional data concerning the 
adhesm properties of the hmwi and HMW2 proteins 

HMW2 rrot COnfirI " " adharen ° e fU " Cti °" the HMWI and 

HMW2 proteins and to examine the effect of HMWI and HMW2 
independently of other !i ^nil 13S n^ surface structu^ 

E cTT 1 ™ ^ ClUSterS ™" "Educed into 

C ° U ' using plasmids pHMWl-14 and pHM W2-2l 

respectively. As « oontrol , the oloning ^ • 

was also transformed into E^cpli m5a . Western ^ 

analysis demonstrated that E. — col_i DH5a containing the 

Sin e harb eXPreSSed * " 5 Wh " e th * — • 

strain harboring the hmwj. gen e s expressed a 120-kDa 

protein 1^ DH5 « containing pT7-7 failed to react 
with antiserum against recombinant mi . Transmission 
electron microscopy revealed no pili or other surf 
appendages on any of the E. col i strains 

com Aa f renCe by the ***** ^ains was quantitated and 
compared with adherence by wild type non-typeable H 
Strain 12 • ^ shown in TaM e 2 belo^ 

lessT" 7 DH5a C ° ntai »^ vector alone was 

less than 1* of that for strain 12. xn contrast, e. coli 
DHSa harboring the ^ gene cluster 
adherence levels comparable to those for strain 12 
Adherence by DHStt containing the h^ genes ms 

approximately 6-foia lower than attachment by strain 12 

wiL w :; 7 Tr ed 2o - foid ° ver * u ™° 

with PT7-7 alone. These results indicate that the HMWl 



-and HMW2 proteins are capable of independently mediating 
attachment to Chang conjunctival cells. These results 
are consistent with the results with the H. infhiPnr ao 
mutants reported in Examples 3 and 4, providing further 
evidence that, with Chang epithelial cells, HMWl is a 
more efficient adhesin than is HMW2 . 

Experiments with E. coli HBlOl harboring pT7-7, 
pHMWl-14, or pHMW2-2l confirmed the results obtained with 
the DH5a derivatives (see Table 2) . 
Example 6 : 

This Example illustrates the copurif ication of HMWl 
and HMW2 proteins from wild-type non-typeable 
influenzae strain. 

HMWl and HMW2 were isolated and purified from non- 
typeable H. influenzae (NTHI) strain 12 in the following 
manner. Non-typeable Haemophilus bacteria from frozen 
stock culture were streaked onto a chocolate plate and 
grown overnight at 37 °C in an incubator with 5% co 2 . 
50ml starter culture of brain heart infusion (BHI) broth, 
supplemented with 10 /ig/ml each of hemin and NAD was 
inoculated with growth on chocolate plate. The starter 
culture was grown until the optical density (O.D. - 
600nm) reached 0.6 to 0.8 and then the bacteria in the 
starter culture was used to inoculate six 500 ml flasks 
of supplemented BHI using 8 to 10 ml per flask. The 
bacteria were grown in 500 ml flasks for an additional 5 
to 6 hours at which time the O.D. was 1.5 or greater. 
Cultures were centrifuged at 10,000 rpm for 10 minutes. 

Bacterial pellets were resuspended in a total volume 
of 250 ml of an extraction solution comprising 0.5 M 
NaCl, 0.01 M Na 2 EDTA, 0.01 M Tris 50 fiK 1,10- 
phenanthroline, pH 7.5. The cells were not sonicated or 
otherwise disrupted. The resuspended cells were allowed 
to sit on ice at 0°C for 60 minutes. The resuspended 
cells were centrifuged at 10,000 rpm for 10 minutes at 
4°C to remove the majority of intact cells and cellular 
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debris. The supernatant was collected and centrifuged at 
100,000 x g for 60 minutes at 4°C. The supernatant again 
was collected and dialyzed overnight at 4°C against 0.01 
M sodium phosphate, pH 6-0. 
5 The sample was centrifuged at 10,000 rpm for 10 

minutes at 4°C to remove insoluble debris precipitated 
from solution during dialysis. The supernatant was 
applied to a 10 ml CM Sepharose column which has been 
pre-equilibrated with 0.01 M sodium phosphate, pH 6. 

10 Following application to this column, the column was 

washed with 0.01 M sodium phosphate. Proteins were 
elevated from the column with a 0 - 0.5M KC1 gradient in 
0.01 M Na phosphate, pH 6 and fractions were collected 
for gel examination. Coomassie gels of column fractions 

15 were carried out to identify those fractions containing 

high molecular weight proteins." The fractions containing 
high molecular weight proteins were pooled and 
concentrated to a 1 to 3 ml volume in preparation for 
application of sample to gel filtration column. 

2 0 A Sepharose CL-4B gel filtration column was 

equilibrated with phosphate-buffered saline, pH 7.5. The 
concentrated high molecular weight protein sample was 
applied to the gel filtration column and column fractions 
were collected. Coomassie gels were performed on the 

25 column fractions to identify those containing high 

molecular weight proteins. The column fractions 
containing high molecular weight proteins were pooled. 
Example 7 : 

This Example illustrates the use of specified HMW1 
30 and HMW2 proteins in immunization studies. 

The copurified HMW1 and HMW2 proteins prepared as 
described in Example 6 were tested to determine whether 
they would protect against experimental otitis media 
caused by the homologous strain. 
35 Healthy adult chinchillas , 1 to 2 years of age with 

weights of 350 to 500g, received three monthly 
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subcutaneous injections with 40 m of an HMW1-HMW2 
protein mixture in Freund's adjuvant. Control animals 
received phosphate-buffered saline in Freunds' adjuvant 
one month after the last injection, the animals were 
challenged by intrabullar inoculation with 300 cfu of 
NTHI strain 12. 

Middle ear infection developed in 5 of 5 control 
animals versus 5 of 10 immunized animals. Although only 
5 of 10 chinchillas were protected in this test, the test 
conditions are very stringent, requiring bacteria to be 
injected directly into the middle ear space and to 
proliferate in what is in essence a small abscess cavity. 
As seen from the additional data below, complete 
protection of chinchillas can be achieved. 

The five HMWl/HMW2-immunized animals that did not 
develop otitis media demonstrated no signs of middle ear 
inflammation when examined by otoscopy nor were middle 
ear effusions detectable. 

Among the five HMW1/HMW2 -immunized animals that 
became infected, the total duration of middle ear 
infection as assessed by the persistence of culture- 
positive middle ear fluid was not different from 
controls. However, the degree of inflammation of the 
tympanic membranes was subjectively less than in the 
H2Wl/HMW2-immunized animals. When quantitative bacterial 
counts were performed on the middle ear fluid specimens 
recovered from infected animals, notable differences were 
apparent between the HMW1/HMW2- immunized and PBS- 
immunized animals (Figure 17). shown in Figure 17 are 
quantitative middle ear fluid bacterial counts from 
animals on day 7 post-challenge, a time point associated 
with the maximum colony counts in middle ear fluid. The 
data were log-transformed for purpose of statistical 
comparison. The data from the control animals are shown 
on the left and data from the high molecular weight 
protein immunized animals on the right. The two 



horizontal lines indicate the respective means and 
standard derivations of middle ear fluid colony counts 
for only the infected animals in each group. As can be 
seen from this Figure, the HMW1/HMW2 -immunized animals 
had significantly lower middle ear fluid bacterial counts 
than the PBS-immunized controls, geometric means of 7 . 4 
X 10 6 and 1.3 X 10 5 , respectively (p=0.02, Students' t- 
test) 

Serum antibody titres following immunization were 
comparable in uninfected and infected animals. However, 
infection in immunized animals was uniformly associated 
with the appearance of bacteria down-regulated in 
expression of the HMW proteins, suggesting bacterial 
selection in response to immunologic pressure. 

Although this data shows that protection following 
immunization was not complete, this data suggests the HMW 
adhesin proteins are potentially important protective 
antigens which may comprise one component of a multi- 
component NTHI vaccine. 

In addition, complete protection has been achieved 
in the chinchilla model at lower dosage challenge, as set 
forth in Table 3 below. 

Groups of five animals were immunized with 20 M g of 
the HMW1-HMW2 mixture prepared as described in Example 6 
on days 1, 28 and 42 in the presence of alum. Blood 
samples were collected on day 53 to monitor the antibody 
response. On day 56, the left ear of animals was 
challenged with about 10 cfu of H. influ^n^ strain 12. 
Ear infection was monitored on day 4. Four animals in 
Group 3 were infected previously by H. infl UP .n, a . strain 
12 and were recovered completely for at least one month 
before the second challenge. 
Example. 8 : 

This Example illustrates the provision of synthetic 
peptides corresponding to a portion only of the HMWl 
protein. 
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A number of synthetic peptides were derived from 
HMWl. Antisera then were raised to these peptides. The 
anti-peptide antisera to peptide HMW1-P5 was shown to 
recognize HMWl. Peptide HMW1-P5 covers amino acids 1453 
5 to 1481 of HMWl, has the sequence 

VDEVIEAKRILEKVKDLSDEEREALAKLG (SEQ ID No: 11) , and 
represents bases 1498 to 1576 in Figure 10. 

This finding demonstrates that the DNA sequence and 
the derived protein is being interpreted in the correct 
10 reading frame and that peptides derived from the sequence 

can be produced which will be immunogenic. 
Example 9 : 

This Example describes the generation of monoclonal 
antibodies to the high molecular weight proteins of non- 
15 typeable H. influenzae . 

Monoclonal antibodies were generated using 
standard techniques. In brief, female BALB/c mice (4 to 
6 weeks old) were immunized by intraperitoneal injection 
with high molecular weight proteins purified from 

2 0 nontypable Haemophilus strain 5 or strain 12, as 

described in Example 6. The first injection of 40 to 50 
Mg of protein was administered with Freund's complete 
adjuvant and the second dose, received four to five weeks 
after the first, was administered with phosphate-buffered 
25 saline. Three days following the second injection, the 
mice were sacrificed and splenic lymphocytes were fused 
with SP2/0-Agl4 plasmacytoma cells. 

Two weeks following fusion, hybridoma supernatants 
were screened for the presence of high molecular weight 

3 0 protein specific antibodies by a dot-blot assay. 

Purified high molecular weight proteins at a 
concentration of 10 fxg per ml in TRIS-buf f ered saline 
(TBS) , were used to sensitize nitrocellulose sheets (Bio- 
Rad Laboratories, Richmond, CA) by soaking for 20 
3 5 minutes. Following a blocking step with TBS-3% gelatin, 
the nitrocellulose was incubated for 60 minutes at room 



temperature with individual hybridoma supernatants , at a 
1:5 dilution in TBS-O. 1 % Tween, using a 96-well Bio-Dot 
micro-filtration apparatus (Bio-Rad) . After washing, the 
sheets were incubated for one hour with alkaline- 
phosphatase-conjugated affinity isolated goat-anti (mouse 
IgG + i gM ) antibodies (Tago, Inc., Burlingame, CA) . 
Following additional washes, positive supernatants were 
identified by incubation of the nitrocellulose sheet in 
alkaline phosphatase buffer (0.10 M TRIS, 0.10 M NaCl, 
0.005 M MgCl 2/ ) containing nitroblue tetrazolium (0.1 
rog/ml) and 5-bromo-4-chloro-3-indoyl phosphate (BCIP) 
(0 . 05 mg/ml) . 

For the antibody isotyping and immunoelectron 
microscopy studies to be described below, the monoclonal 
antibodies were purified from hybridoma supernatants. 
The antibodies recovered in this work were all of the IgG 
class. To purify the monoclonal antibodies, the 
hybridoma supernatants were first subjected to ammonium 
sulfate precipitation (50% final concentration at 0»C) . 
Following overnight incubation, the precipitate was 
recovered by centrif ugation and resolubilized in 
phosphate buffered saline. The solution was then 
dialyzed overnight against 0.01 M sodium phosphate 
buffer, P H 6.0. The following day the sample was applied 
to a DEAE-Sephacel column preequilibrated with. the same 
phosphate buffer and the proteins were subsequently 
eluted with a KC1 gradient. Column fractions containing 
the monoclonal antibodies were identified by examination 
of samples on Coomassie gels for protein bands typical of 
light and heavy chains. 

The isotype of each monoclonal antibody was 
determined by immunodiffusion using the Ouchterlony 
method. Immunodiffusion plates were prepared on glass 
slides with 10 ml of 1% DNA-grade agarose (FMC 
Bioproducts, Rockland, ME) in phospate-buf f ered saline. 
After the agarose solidified, 5-mm wells were punched 



into the agarose in a circular pattern. The center well 
contained a concentrated preparation of the monoclonal 
antibody being evaluated and the surrounding wells 
contained goat anti-mouse subclass-specif ic antibodies 
(Tago) . The plates were incubated for 48 hours in a 
humid chamber at 4°C and then examined for white lines of 
immunoprecipitation . 

Hybridoma supernatants which were reactive in the 
dot-blot assay described above were examined by Western 
blot analysis, both to confirm the reactivity with the 
high molecular weight proteins of the homologous 
nontypable Haemophilus strain and to examine the cross- 
reactivity with similar proteins in heterologous strains. 
Nontypable Haemophilus influenzae cell sonicates 
containing 100 fxg of total protein were solubilized in 
electrophoresis sample buffer, subjected to SDS- 
polyacrylamide gel electrophoresis on 7.5% acrylamide 
gels, and transferred to nitrocellulose using a Genie 
electrophoretic blotter (idea Scientific Company, 
Corvallis, OR) for 45 min at 24 V. After transfer, the 
nitrocellulose sheet was blocked and then probed 
sequentially with the hybridoma supernatant, with 
alkaline phosphatase-conjugated goat-ant i (mouse IgG + 
IgM) second antibody, and finally bound antibodies were 
detected by incubation with nitroblue tetrazolium/BCIP 
solution. This same assay was employed to examine the 
reactivity of the monoclonals with recombinant fusion 
proteins expressed in E. coll (see below) . 

In preparation for immunoelectronmicroscopy, 
bacteria were grown overnight on supplemented chocolate 
agar and several colonies were suspended in phosphate- 
buff ered-saline containing 1 % albumin. A 20-/xl drop of 
this bacterial suspension was then applied to a carbon- 
coated grid and incubated for 2 min. Excess fluid was 
removed and the specimen was then incubated for 5 min 
with the purified high molecular weight protein-specific 
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monoclonal antibody being analyzed. Following removal of 
excess liquid and a wash with phosphatebuf f ered saline 
the specimen was incubated with anti-mouse IgG conjugated 
to 10-nm colloidal gold particles. Following final 
washes with phosphate-buffered saline, the sample was 
rinsed with distilled water. Staining of the bacterial 
cells was performed with 0.5% uranyl acetate for 1 min 
Samples were then examined in a Phillips 20lc electron 
microscope . 

Fourteen different hybridomas were recovered which 
produced monoclonal antibodies reactive with the purified 
HMW1 and HMW2 proteins of nontypable Haemonhnn. strain 
12 in the immunoblot screening assay, of the monoclonals 
screened by immunoelectron microscopy to date as 
described below, two were demonstrated to bind surface 
epitopes on prototype strain 12. These two monoclonal 

antxbodxes, designated AD 6 (ATCC ) and IOCS (ATCC 

), were both of the IgGl subclass. 

Example 30 : 

20 This E * a *Pl* describes the identification of 

surface-exposed B-cell epitopes of high molecular weight 
proteins of non-typeable H. infl 11P n 7ao 

To map epitopes recognized by the monoclonal 
antibodies, their reactivity with a panel of recombinant 
fusion proteins expressed by pGEMEX® recombinant plasmids 
was examined. These plasmids were constructed by cloning 
various segments of the hmwia or hmw2A structural genes 
into T7 expression vectors pGEMEX® -i and GEMEX®-2 
(Promega Corporation, Madison, WI) . Shown in Figures 18 
and 19 are the schematic diagrams depicting the segments 
derived from the hmwl and hmw2 gene clusters cloned into 
the pGEMEX® expression plasmids. These segments were 
inserted such that in-frame fusions were created at each 
junction site. Thus,, these plasmids encode recombinant 
fusion proteins containing P GEMEX®-encoded T7 gene 10 
amino acids in the regions indicated by the hatched bars 
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and hmwla or hmw2A encoded amino acids in the regions 
indicated by the black bars in these Figures. A stop 
codon is present at the junction of the black and white 
segments of each bar. 
5 Four discrete sites within the hmwlA structural gene 

were selected as the 5' ends of the hmwl inserts. For 
each 5' end, a series of progressively smaller inserts 
was created by taking advantage of convenient downstream 
restriction sites. The first recombinant plasmid 

10 depicted in Figure 18 was constructed by isolating a 4.9 

kbp Bam Hl- Hind lll fragment from pHMWl-14 (Example 1, 
Figure 5A) , which contains the entire hmwl gene cluster 
and inserting it into BamH I- Hind lll digested pGEMEX®-l. 
The second recombinant plasmid in this set was 

15 constructed by digesting the "parent 11 plasmid with 

BstEII-Hindlll, recovering the 6.8 kbp larger fragment, 
blunt-ending with Klenow DNA polymerase, and religating. 
The third recombinant plasmid in this set was constructed 
by digesting the "parent" plasmid with Clal-Hindlll , 

2 0 recovering the 6.0 kbp larger fragment, blunt-ending, and 

religating. The next set of four hmwl recombinant 
plasmids was derived from a "parent" plasmid constructed 
by ligating a 2.2 kbp EcoRI fragment from the hmwl gene 
cluster into EcoRI-digested pGEMEX®-2 . The other three 

2 5 recombinant plasmids in this second set were constructed 

by digesting at downstream BstEII, EcoRV, and Clal sites, 
respectively, using techniques similar to those just 
described. The third set of three recombinant plasmids 
depicted was derived from a "parent" plasmid constructed 

3 0 by double-digesting the first recombinant plasmid 

described above (i.e. the one containing the 4.9 kbp 
BamHI-Hindlll fragment) with BamHI and Clal, blunt- 
ending, and religating. This resulted in a construct 
encoding a recombinant protein with an in-frame fusion at 
35 the Clal site of the hmwlA gene. The remaining two 

plasmids in this third set were constructed by digesting 
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at downstream BstBn and e^ ru sites , respective ly 
Finally. the four th Mt of two recombinant 
aarxved £rom , „ parent „ plasm . d constructed 

H^TV^ ° ri9inal -ns^uct „ ith 

Hlncn and EsoRV, than relisting. This resultad 

fu"or C aV n t C H 0din9 3 reCO ™ binant 0"^" an in-rra.e 

remaining plasmid in this fourth 

tnis tou rth set was constructed by 
digesting at the downstream fist EI I site 

Three discrete sites with the hmw2A structural gene 
were selected as the 5' end c of . . 9 

first r-« i • ndS ° f the inserts. The 

first recombinant plasmid depicted in Figure 19 was 
constructed by isolating a 6 .o kb p E^RX-XhoX f ragment 
from PHMW2-2!, vhich contains ^2 

15 cluster, and inserting it into E^Rl- SalI ~ 

pGEMEX®— 1 . The second recombinant — --^d 

was con S t b y digesting at ^ ^ ^ _ -t 

11 ! ™ The —nd set of two h^ 

recombinant plasmids was derived from a "parent" pla^ 
20 constructed by isolating a 2 . 3 kbp HindTTT * P Xasroid 

DHMW2-?i „^ • • P SiQdlH fragment from 

PWMW2-21 and inserting it int-n w-i^x-r-r 

P _ • . g ir lnto Hindlll-digested pGEMEX®— 

2- The remaining plasmid in this second set was 
constructed by digesting at the downstream Mlul site 

25 LTatl' " e laSt PlaSm±d dSPiCted ~ -s^cted "y 

ll^ZZL 1 : 2 ^ fi4 ^ 11 ™-- -agment from the 
indicated location in the hmw2 gene cluster and insertina 
xt mto Hincll-Hindlll digested pGEMEX®-! lnSSrtlng 

Each of the recombinant plasmids was used to 
transform E. co3 j strain to 

30 transformants were used to generate the rec"^ ^ 
fusion proteins employed in the mapping stu^ 

llZZl ; eCOmbinant ~*»' transformed ZJl 

strains were grown to an ^ of 0.5 in L broth con^I~ 
50 nq of ampicillin per ml. i PTG „ a<; ^ _ fining 

35 and mGPl-2 the mL !h added t<J lmM 

the M13 P ha * e containing the T7 rna 
Polymerase gene, was added at multiplicity of inLtZ 
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of 10. One hour later, cells were harvested, and a 
sonicate of the cells was prepared. The protein 
concentrations of the samples were determined and cell 
sonicates containing 100 fig of total protein were 
solubilized in electrophoresis sample buffer, subjected 
to SDS-polyacrylamide gel electrophoresis, and examined 
on Coomassie gels to assess the expression level of 
recombinant fusion proteins. Once high levels of 
expression of the recombinant fusion proteins were 
confirmed, the cell sonicates were used in the Western 
blot analyses described above. 

Shown in Figure 2 0 is an electron micrograph 
demonstrating surface binding of Mab AD6 to 
representative nontypable Haemophilus influenza strains. 
15 in the upper left panel of the Figure is nontypable 

Haemophilus strain 12 and in the upper right panel is a 
strain 12 derivative which no longer expressed the high 
molecular weight proteins. As can be seen, colloidal 
gold particles decorate the surface of strain 12, 
indicating bound AD 6 antibody on the surface. in 
contrast, no gold particles are evident on the surface of 
the strain 12 mutant which no longer expresses the high 
molecular weight proteins. These results indicate that 
monoclonal antibody AD6 is recognizing a surface-exposed 
epitope on the high molecular weight proteins of strain 
12. Analogous studies were performed with monoclonal 
antibody 10C5 demonstrating it too bound to surface- 
accessible epitopes on the high molecular weight HMWl and 
HMW2 proteins of strain 12. 

Having identified two surface-binding monoclonals, 
the epitope which each monoclonal recognized was mapped. 
To accomplish this task, the two sets of recombinant 
plasmids containing various portions of either the hmwla 
or hmw2A structural genes (Figures 18 and 19) were 
35 employed. with these complementary sets of recombinant 

plasmids, the epitopes recognized by the monoclonal 
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antibodies were mapped to relatively small regions of the 
very large HMWl and HMW2 proteins. 

To localize epitopes recognized by Mab AD6, the 
pattern of reactivity of this monoclonal antibody with a 
large set of recombinant fusion protein was examined. 
Figure 21 is a Western blot which demonstrates the 
pattern of reactivity of Mab AD6 with five recombinant 
fusion proteins, a relevant subset of the larger number 
originally examined. From analysis of the pattern of 
reactivity of Mab AD6 with this set of proteins, one is 
able to map the epitope it recognizes to a very short 
segment of the HMW1 and HMW2 proteins. A brief summary 
of this analysis follows. For reference, the relevant 
portions of the hmwiA or hmw2A structural genes which 
were expressed in the recombinant proteins being examined 
are indicated in the diagram at the top of the figure. 
As shown in lane l, Mab AD 6 recognizes an epitope encoded 
by fragment l, a fragment which encompasses the distal 
one-fourth of the hmwlA gene. Reactivity is lost when 
only the portion of the gene comprising fragment 2 is 
expressed. This observation localizes the AD 6 epitope 
somewhere within the last 180 amino acids at the carboxy- 
terminal end of the HMWl protein. Mab AD 6 also 
recognizes an epitope encoded by fragment 3, derived from 
2 5 the hmw2A structural gene. This is a rather large 

fragment which encompasses nearly one-third of the gene. 
Reactivity is lost when fragment 4 is expressed. The 
only difference between fragments 3 and 4 is that the 
last 225 base pairs at the 3' end of the hmw2A structural 
30 gene were deleted in the latter construct. This 
observation indicates that the AD 6 epitope is encoded by 
this short terminal segment of the hmw2A gene. Strong 
support for this idea is provided by the demonstrated 
binding of Mab AD 6 to the recombinant protein encoded by 
fragment 5, a fragment encompassing the distal one-tenth 
of the hmw2A structural gene. Taken together, these data 
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^ntify the AD6 epitope as „„„„ to both the ^ 
HHW2 proteins and place its location with 75 amino c 
of the carboxy termini of the two proteins. 

Figure 22 is a Western blot demonstrating the 
3 pattern of reactivity or Mab 10 C5 with the same f^e 

recombinant fusion proteins examinee in Figure " ks 

by fragment l. In contrast tQ Mafc 

recognizes an epitope encoded hy fragment 2. "s L 

tL A ° 6 ' 10C5 "cognize any o f 

the ^-derived recombinant fusion proteins. T h u I 
these data identifv th^ i noc nus ' 

the HMWl protein and as b ^ " ^ ^ t0 

P ln and as bein 9 encoded by the fracrm^nf 
designated as fragment 2 in this f igure This * rag » ent 
L5 corresponds to a i,, a • - IlgUre - Thls fragment 

EcoRV-LtEII 155 - amin ° -cp-nt encoded by the 

EcoRV BstEH segment of the hmwiA structural gene 

eoiton" 1119 idGntified the aPP™ximate locations of the 
epx topes on HMWl and 
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r—*— .x. ™wx and ^ re • 

~r't h r h T g r r whioh ti - J — 

oy the high molecular weight proteins of 
heterologous nontypable Haenjophilus strains 2 ne« 
determined. „ h e n examined in Western blot assays "th 
bacterial cell sonicates, „a b AD6 was reactive with 
ertopes expressed on the High molecular weight proteins 
or of the inventor's collect-ior, ^ 

high molecular weight proteins in virtuallv »n 

=b ie s^i^ strains which w r u ; r x ^ ou : y 

identiiied as expressing H HW1/HM „2-liHe proteins. Figm 

react t ° £ " blot «— -t»ti»g^I 

heteroi WitH * «^»~«tl« Panel of Zt 

antibody recognizes one or two bands in the loo to 150 
kDa range in each of these strains. For referent IT 
strain shown in lane 1 is prototype strain 12 and Z Zl 
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bands visualized represent HMWi and HKW2 as the upper and 
lower immunoreactive bands, respectively. 

In contrast to the broad cross-reactivity observed 
with Mab AD 6 , Mab 10C5 was much more limited in its 
ability to recognize high molecular weight proteins in 
heterologous strains. Mab IOCS recognized high molecular 
weight proteins in approximately 40% of the strains which 
expressed HMWI /HMW2 -like proteins. As was the case with 
Mab AD6, Mab IOCS did not recognize proteins in any the 
nontypable Haemophilus strains which did not express 
HMWl/HMW2-like proteins. 

in a limited fashion, the reactivity of Mab AD 6 with 
surface-exposed epitopes on the heterologous strains has 
been examined. In the bottom two panels of Figure 2 0 are 
electron micrographs demonstrating the reactivity of Mab 
AD6 with surface-accessible epitopes on nontypable 
Haemophilus strains 5 and 15. As can be seen, abundant 
colloidal-gold particles are evident on the surfaces of 
each of these strains, confirming their surface 
expression of the AD6 epitope. Although limited in 
scope, these data suggest that the AD 6 epitope may be a 
common surface-accessible epitope on the high molecular 
weight adhesion proteins of most nontypable Haemophilus 
influenzae which express HMWI /HMW2- like proteins. 

SUMMA RY OF nTSCLOSiraK 

in summary of this disclosure, the present invention 
provxdes high molecular weight proteins of non-typeable 
Haemop hilus, genes coding for the same and vaccines 
incorporating such proteins. Modifications are possible 
within the scope of this invention. 



60 



■TABLE l : Effect of mutation of high molecular weight 
proteins on adherence to Chang epithelial cells by 
nontypable H. influenzae. 



1 


ADHERENCE % * 


Strain 


% Inoculation 


Relative to 




wild Tvr>ei 


Strain 12 derivatives 

Wild f uno 


87.76 ± 5.9 


100.0 ± 6.7 


HMWr mutant 


6.0 ± 0.9 


6.8 ± l.o 


HMW2* mutant 


89.9 ± 10.8 


102.5 ± 12.3 


HMW1-/HMW2- mutant 


2.0 ± 0.3 


2.3 ± 0.3 


Strain 5 derivatives 
wild type 


78.7 ± 3.2 


100. 0 ± 4 . 1 


HMWl-like mutant 


15.7 ± 2.6 


19-9 ± 3.3 


HMW2-like mutant 


103.7 ± 14.0 


131.7 ± 17.8 


double mutant 


3.5 ± 0,6 


4.4 ± 0.-8 



* Numbers represent mean (± standard error of the mean) 
of measurements in triplicate or quadruplicate from 
representative experiments. 

t Adherence values for strain 12 derivatives are 
relative to strain 12 wild type; values for strain 5 
derivatives are relative to strain 5 wild type 
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TABLE 2 : Adherence by E. coll DH5a and HB101 harboring 
hmwl or hmw2 gene clusters. 



Strain* 


Adherence relative to H. 
Influenzae strain 12 | 


DH5a (pT7-7) 


0.7 ± 0.02 


DH5a (pHMWl-14) 


114.2 ± 15.9 


DH5a (pHMW2-21) 


14.0 ± 3.7 


HB101 (pT7-7) 


1.2 ± 0.5 


HB101 (pHMWl-14) 


93.6 ± 15.8 


HB101 (pHMW2-21) 


3.6 ± 0.9 



* The plasmid pHMWl-14 contains the hmwl gene cluster, 
while pHMW2-21 contains the hmw2 gene cluster; pT7-7 is 
the cloning vector used in these constructs. 

t Numbers represent the mean (± standard error of the 
mean) of measurements made in triplicate from 
representative experiments. 
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TABLE 3 : Protective ability of HMW protein against non- 
typeable H . influenzae challenge in chinchilla model 



Group 


Antigens 


Total 
Animals 


Number of Animals Showed 
Positive Ear Infection 


(#) 






Tympano- 
gram 


Otosco- 
pic 

Examin- 
ation 


cfu of 
Bacteria 
/10 


1 


HMW 


5 


0 


0 


0 


2 


None 


5 


5 


5 


850- 
3200 
(4/5) 


3 


Convalescent 


4 


0 


0 


0 



